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The huilt environment and construction industry
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The built environment and construction industry

Total Total Total Total
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How could we find a solution?
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Energy intensive (nearly) zero energy
building stock huilding stock




Existing huilding stock
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New buildings

High energy performance



Housing stock

Uses 61% of the energy

New huildings

High energy performance
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From linear economy
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From linear economy To circular economy




—————

-

- [\ - : !

TN LS < e VAR S s~
-----

/ \
=] I O



+ Material use

—————

Energy use
()

4

—————




' Foamed insulat




Measure Measure

energy performance circularity?

4 ®



There is a lack of knowledge on how to design a circular building,
and how to integrate this with energy renovation. This is because
*energy renovation can result in building design which does not lend
itself for circularity and
there is a lack of consensus and understanding about how
circularity in buildings can best be assessed.



Research questions

Maln To what extent can circularity be implemented in the designs of energy renovation
guestion projects”?



Research questions

How will the circularity and energy use be assessed in the case study energy
u renovation project so this assessment supports the design of circular buildings and
guestion contributes to consensus and understanding about assessing circularity?



Research questions

S“h How can the case study energy renovation project be designed so that the highest
question level of circularity possible is reached?



bl
Gl
—

Case study pro
Ramplaankwart




50569

NN

N
3

\

2

)

0]
60
2

.m
"""Q,
500!

55

505041

00
Y

e Ty
o




yg
=S =
tll
sI
3 E
SS =




Definition circular economy

"A circular economy is a global economic model that aims to decouple economic

growth and development from the consumption of finite resources. It is restorative

by design, and aims to keep products, components and materials at their highest

utility and value, at all times. The larger goal is to address human needs and fairly

distribute resources without undermining the functioning of the biosphere or
crossing any planetary boundaries.”



Definition circular economy

Enhance and preserve natural capital
@ . » Controlling finite stocks

- Balancing renewable resource flows




Definition circular economy
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Product manufacturer

Keep products at highest utility & value by
cycling in technical/biological cycles



Definition circular economy

farming/collecting

oy
| !

Product manufacturer

| { recycle

extraction of
biochemical feedstock Keep products at highest utility &
value by cycling in technical/bio-

logical cycles



Definition circular economy

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

. Track & design out negative externalities
. s0 system has maximum efficiency



Assessment
methodology circularity
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|

Results
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Gonclusions
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Assessment methodology circularity

MAT1
S

Intensity
of use



Assessment methodology circularity

MAT2
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cost



Assessment methodology circularity

MAT3

X

Design for
disassembly




Assessment methodology circularity

Design for
circular
life cycles



Assessment methodology circularity
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Energy efficiency:
ERC



VAT Assessment methodology circularity

@ - Jnnecessary material use needs to be prevented & minimised

Intensity
of use



VAT Assessment methodology circularity

@ - Jnnecessary material use needs to be prevented & minimised

new design (....) kg materials

Intensity
of use




MATD Assessment methodology circularity

— Fvaluates ‘shadow costs’ of used materials: toxicity etc.
Impact materials on environment should be minimised
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MATD Assessment methodology circularity

— Fvaluates ‘shadow costs’ of used materials: toxicity etc.
Impact materials on environment should be minimised

NN NN\
NS

Environmental

cost 100

80
60
40

20

N

€028 €035 €042 €049 €056 €0,63

MPG value



MAT3 Assessment methodology circularity

—|f g building can't be disassembled, materials/products can't be
reused/recycled/remanufactured in biological/technical cycles

Design for
disassembly



MAT3

%_.

Design for
disassembly

Assessment methodology circularity

If a building can't be disassembled, materials/products can't be
reused/recycled/remanufactured in biological/technical cycles

g E R o[ We) Mol la [y (T3 (o] W@ K@) Accessory external connection or system

Direct connection + fixing devices 0.8
Direct integral connection + inserts)(pin 0.6
Direct integral connectio 0.5
Accessory internal connection 04
Filled soft chemical connection 0.2
Filled hard chemical connection 0.1
Direct chemical connectio 0.1




Assessment methodology circularity

MAT4

g N — Materials/products/components need to cycle for as long as
Q F possible at high quality in biological/technical cycles

Design for

circular

life cycles



Assessment methodology circularity

MAT4
I 4 N — Materials/products/components need to cycle for as long as
Q ; possible at high quality in biological/technical cycles
Design for a : _
- — *Analyze possible cycles: the more the better
life cycles m—
e 00 © 0 0 Analyze most suitable path of cycling

-Analyze if currently follows suitable path of
cycling

*Analyze if in the future could follow suitable
path of cycling




Assessment methodology circularity

é:%:} — |ndicator measuring energy performance of dwelling

Energy efficiency:
EPC



Assessment methodology circularity

{:%:} — |ndicator measuring energy performance of dwelling

Points received
Energy efficiency:
EPC 100

80

60

40

20

0 0,08 0,16 0,24 0,32 0,4 EPC



Design hy research

How can the case study energy renovation project be designed so that the highest
level of circularity possible is reached?



Design hy research

How can the case study energy renovation project be designed so that the highest
level of circularity possible is reached?

Highest level of circularity = optimal combination between indicators

MAT1 MAT2 MAT3 MAT4

=) 92 ¥ C @

Intensity Enwronmental Design for Design for Energy efficiency:
of use cost disassembly circular EPC
life cycles
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Design hy research
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Design by research
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Heat pump

with integrated boiler

Buffer,
approximately 75
liter needed
according to NIBE

LT radiators Bem;avg =




Design by research

S,
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* Higher heat transmittance
- Not very demountable
- Additional 4 regular solar panels

l

- Lower heat transmittance
- More demountable







MAT1

Results assessment

Bl Weight energy system
@ B Weight design variant
— S
2 6000 S 6&,“
= & ©
2
()
_ = 5000
|n’[enS|’[y R SN _ Existing roof
© \ " structure (4560 kg)
of use o S
4000 E &
32
{bcb

3000
2000

1000

O
P
0 ] I

Variant

SIP + Triple Solar SIP + VolThera ~ Wood + Triple Wood + VoIThera Steel + Triple Steel + VoIThera
Solar Solar
SO %
=g S SO
‘ ‘ < %%,O E52g %o
SIP STRUCTURE VARIANT SOLID WOOD VARIANT STEEL FRAME VARIANT



MAT2

NN NIN\S\S
NSNS

Environmental
cost

Results assessment

[l Environmental cost design variant

M Environmental cost energy variant

—
—

Environmental cost (euro/m2BVO/yea

1.4

N
S

0.8

0.6

0.4

0.2

0
.. Existing roof

structure
(0,61 = 15 points)

)
o
Points

Wood + VolThera

SIP + Triple Solar  SIP + VolThera Wood + Triple
Solar
35 oé%
= ~ ”’/ :>
SIP STRUCTURE VARIANT SOLID WOOD VARIANT

Solar

STEEL FRAME VARIANT




MAT3 Results assessment

. Disassembly potential design variant

[ | Disassembly potential energy variant
1

& &
0o & &
v ¥
Design for 0.8
H S
disassembly o &

<
o

Disassembly potential (points)

) Existing roof

structure (27 points)

SIP + Triple Solar  SIP + VoIThera Wood + Triple  Wood + VolThera  Steel + Triple  Steel + VolThera
Solar

SIP STRUCTURE VARIANT SOLID WOOD VARIANT STEEL FRAME VARIANT



MAT4 Results assessment

SIP variants Solid wood variants  Steel frame variants

_,"\ ’
R/

Design for
circular

life cycles 7

0,

Structure

Insulation

Energy system
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Design for
circular
life cycles

SIP variants

e
7%/@&

O/Gr

Least potential for
circular life cycles

Results assessment

Solid wood variants

Steel frame variants

Most potential for
circular life cycles



E1 Results assessment

Existing roof

LS ettt ettt structure (EPC = 1,9)
NN\
NN
2
O £
Energy efficiency: a 02 %05
EPC “
0.15 :
g
4
0.1 <
ol
0.05
0 100
-0.05
-0.10

Steel + Triple  Steel + VoIThera

SIP + Triple Solar ~ SIP + VoIThera Wood + Triple  Wood + VolThera

SOLID WOOD VARIANT STEEL FRAME VARIANT

SIP STRUCTURE VARIANT



Gonclusions

To what extent can circularity be implemented in the designs of energy renovation
projects?

Price of high energy performance = high environmental cost

Energy systems: high score for design for disassembly +
high potential for circular life cycles negative influence energy
efficiency

High EPC no negative influence on design for disassembly
roof structure, design for circular life cycles roof structure or
intensity of material use roof structure



Recommendations

Develop assessment methodology further

«Environmental cost: transform from cradle to grave to
cradle to cradle

- Quantify design for circular life cycles

Develop designs further

- Solid wood variant: optimize to cycle in biological cycles

- Steel frame variant: optimize to cycle in technical cycles +
speed up building time

Business model
*What could the role of the service provider be?
*Financial feasibility



