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Circularity ambitions

Build, (re)use, maintain,
demolish sustainably

50% reduction in
primary raw
material use

Sustainable material
use

| 2013 | 2014 | 2015 | 2016 | 2017 | 2018 | 2019 | 2020 (2030 [ 2050

An EU Action plan for the circular economy



Research question

“To what extent are high energy performance and circular ambitions combined and achieved in new

buildings, and how can this performance be further improved?”
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Materials
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Reduce M1: Optimal material use
Synergize M2: Reutilization of products
Materials Supply M3: Circular materials
Manage M4: Knowledge development and sharing
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Missing:

An assessment method that
measures the energetic &
circular performance of a
building in an integrated way.
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| |
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X X
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X frequency
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Replacement frequency =

Use life of the building
Technical life of the component
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200mm EPS insulation

1. Assembly sequence

2. Relationship 3. Connection

pattern type

4. Treatments

EPS Cement = Underfloor: Fibreboard
insulation = screed pipes insulation

Aluminium  HR++ Reinforced Laminated
frame glazing © concrete glass

Wood
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1. Assembly sequence
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frame glazing © concrete glass
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1. Assembly sequence
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Disassembly sequence
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= e
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Assembly sequence

Parallel assembly sequence (EIma Durmisevic, 2006)
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70mm cement screed
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200mm Hollow
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2. Relationship pattern
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4 ha J}/ i",\ ~{? insulation ' screed pipes insulation
I
i ‘;R:"“" 5 E}'\’f/e/ Aluminium ~ HR++ Reinforced Laminated
o ; frame glazing © concrete lass
- Y . Wood
B/ HE
4 i

Relationship types (Elma Durmisevic, 2006)
9th July 2019
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70mm cement screed
+ underfloor heating

200mm Hollow
reinforced concrete

'/ 7
| OOOOOO 200mm EPS insulation
/

|

3. Connection type

| |
0]0]0]0]0]0]00

v ¢

Reversible - bolted Irreversible - welded, glued

Connection types (Elma Durmisevic, 2006)

EPS Cement  Underfloor Fibreboard
insulation = screed pipes insulation

Aluminium  HR++ Reinforced Laminated
frame glazing © concrete glass

Wood
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70mm cement screed
+ underfloor heating

200mm Hollow
reinforced concrete

[OOO000
[

200mm EPS insulation

4. Treatments

0]0]0]0]0]0]00

v R

Reversible Irreversible

EPS Cement = Underfloor: Fibreboard
insulation = screed pipes insulation

Aluminium  HR++ Reinforced Laminated

frame glazing © concrete glass

Wood
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RESOURCES BUILDING SITE OUTPUTS

e[l e

N

MATERIAL INPUT : ON-SITE ENERGY INSTALLATIONS

e,

/\

Waste energy J
7 reused = 234

kWh(th)/m?

MATERIAL OUTPUT : ON-SITE ENERGY INSTALLATIONS

Input = 18 kg/m?

Output =
( ENERGY RESOURCES: OFF SITE 930 ka/rm?
Secondary >
materials Electricity =
300 kWh /m?
s::r;f = Stored energy = ENERGY OUTPUT
materials !l I L 366 kWh(th)/m?
1 - Heat =
2010 kWh Waste = <
MATERIAL INPUT ENERGY INPUT : OFF-SITE ~  (th)/m? 128 kg / m
EPS Cement Underfloor Fibreboard
Output =391 kg /m? insulation - screed pipes insulation
£ Unknown =
. EPS. Cement Undferﬂoor flbrebqard _ ity R Reinforcad: faminated 124 kg / m?
insulation screed pipes insulation Materials ;
reused/recycled (up) frame glazing £ concrete glass
Reinforced  HR++ Aluminium Laminated =39 k;/mx ” Wood
lazin frame lass Input = 254 kg / m* 00
SRR SSEE : MATERIAL OUTPUT : BUILDING

Wood

MATERIAL INPUT : BUILDING

Waste / materials Material flows - Energy flows
downcycled



RESOURCES BUILDING SITE OUTPUTS

N [ e &

]

MATERIAL INPUT : ON-SITE ENERGY INSTALLATIONS

" Waste energy
1 7 reused = 234 MATERIAL OUTPUT : ON-SITE ENERGY INSTALLATIONS
/ kWh(th)/m?
Input = 18 kg/m?
Output =

( ENERGY RESOURCES: OFF SITE o

Secondary >

materials

Electricity =
300 kWh /m?

e SR
LA i L

ENERGY OUTPUT

Stored energy =
366 kWh(th)/m?

Heat =
2010 kWh Waste = .
MATERIAL INPUT ENERGY INPUT : OFF-SITE ~ * (th)/m? 128 kg / m
EPS Cement Underfloor Fibreboard
Output = 391 kg /m? insulation  screed pipes insulation
% Unknown =
‘ EPS' Cement Undgrﬂoor flbrebgard _ TN YL | T ok v (s e 124 kg / m?
insulation = screed pipes insulation Materials P [Sivig 5. Eomarats |
Reinforced  HR++ Aluminium Laminated reussd/recycied {up) e = % s
in =39 kg /m?
lazin frame lass Input = 254 kg / m? Wood
e g MATERIAL OUTPUT : BUILDING
Wood
MATERIAL INPUT : BUILDING
Materials

downcycled = 98 kg/m?

Waste / materials Material flows - Energy flows
downcycled
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MATERIAL INPUT : ON-SITE ENERGY INSTALLATIONS

e

/N

( ENERGY RESOURCES: OFF SITE

Secondary
materials

Virgin |
materials ll I
-
L]
i,

MATERIAL INPUT

»

ENERGY INPUT : OFF-SITE

EPS Cement  Underfloor Fibreboard

insulation = screed pipes insulation

Reinforced = HR++ Aluminium Laminated

concrete '~ glazing - frame glass
Wood

MATERIAL INPUT : BUILDING

9th July 2019

2010 kWh
(th)/m?

Input = 254 kg / m?

Circulary - 2

BUILDING SITE

kWh{th)/m?

/

Output =391 kg /m*

Materials
reused/recycled (up)
=39 kg /m?

Materials
downcycled = 98 kg/m?

Waste / materials
downcycled

ouT

PUTS

Non-circu la[mrenm OUTPUT : ON-SITE ENERGY INSTALLATIONS

ENERGY OUTPUT

EPS Cement  Underfloor Fibreboard

insulation ' screed

pipes insulation

Aluminium  HR++ Reinforced Laminated

frame glazing

concrete glass

Wood
MATERIAL OUTPUT : BUILDING

Material flows

- Energy flows

Waste =
128 kg / m?

Unknown =
124 kg / m?
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RESOURCES

=

e T e G

ENERGY RESOURCES: OFF SITE

Secondary
materials

materials '!] l 'L

MATERIAL INPUT

>

MATERIAL INPUT : BUILDING

ENERGY INPUT : OFF-SITE
A

EPS Cement  Underfloor Fibreboard

insulation = screed pipes insulation
Reinforced  HR++ Aluminium Laminated
\9 concrete = glazing frame glass
Wood

BUILDING SITE OUTPUTS
Waste to energy
Materials reused/recycled
=4kg/m?
Waste =
Input =35 kg / m?
Waste 0.7 kg /e
PV panel- PV panel- ' PV panel-
EVA  Solarcells  Cables Unknown =
Resource 29,7 kg / m?
Output = 35 kg / m? PV panel- PV panel- PV panel- = PV panel-
Glass  Solarcells frame back sheet
Waste energy
7 reused = 234 MATERIAL OUTPUT : ON-SITE ENERGY INSTALLATIONS
kWh(th)/m?
Input = 18 kg/m?
lectricity =
420 kWh/m? Output =
930 kg/m? Waste
A Co2
\< emissions
Electricity =
300 kWh /m?
Stored energy = ENERGY OUTPUT
366 kWh(th)/m?
Heat = Wt
2010 kWh aste =
(th)/m? Waste 128 kg / m?
EPS Cement = Underfloor Fibreboard
Qutput =391 kg/m? insulation  screed pipes insulation
Resource Unknon=
: Aluminium  HR++ Reinforced Laminated 124 kg / m?
Materials i
reusedfrepyled (up frame glazing = concrete glass
=39 kg /m?
Input = 254 kg / m? 8 MATERIAL OUTPUT : BUILDING
Materials
downcycled = 98 kg/m?
J

Waste to energy

Waste / materials
downcycled

Material flows

- Energy flows
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BUILDING SITE

e

MATERIAL INPUT : ON-SITE ENERGY INSTALLATIONS
-,
(/
F

ENERGY RESOURCES: OFF SITE

Secondary
materials
Virgin F fa
materials | ‘\ lrl
- .
] ol

]
MATERIAL INPUT

EPS Cement ' Underfloor
insulation  screed pipes
HR++
glazing

Reinforced

concrete frame glass

Wood

MATERIAL INPUT : BUILDING

ENERGY INPUT : OFF-SITE
A

Fibreboard
insulation

Aluminium  Laminated

OUTPUTS

Waste to energy

Materials reused/recycled
=4kg/m?

Input = 35 kg / m?

Waste energy J
7 reused = 234
kWh(th)/m?
Input = 18 kg/m?

lectricity =
420 kWh/m?

Heat =

Electricity =
300 kWh /m?

Stored energy =
366 kWh(th)/m?

Heat =
2010 kWh
(th)fm?

Materials
reused/recycled (up)
=39kg /m*

Input = 254 kg / m?

9th July 2019

| |360 kwhith)/m?

Output = 35 kg / m?

Qutput =391 kg /m?

Waste
PV panel- PV panel- PV panel-

EVA  Solar cells Cables
Resource .7 ke
./
PV panel- PV panel- PV panel- = PV panel-
Glass  Solarcells  frame back sheet

MATERIAL OUTPUT : ON-SITE ENERGY INSTALLATIONS

Waste

Co2
emissions

ENERGY OUTPUT

Waste

Fibreboard
insulation

EPS Cement  Underfloor
insulation = screed pipes

Resource

HR++
glazing

124 kg / m?

Reinforced  Laminated
concrete glass

Aluminium
frame

MATERIAL OUTPUT : BUILDING

Waste / materials
downcycled

Material flows

- Energy flows 80



How can this performance be
improved?
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RESOURCES BUILDING SITE QUTPUTS
Waste o energy

e[l ° &

MATERBAL NPT O4-STE EXERGY INSTALLATINS

NERGY RESORRCES: OFF STE

ENERGY QUTRST
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MATERAL NPT BULDND

'MATERMAL OUTRUT : ON-SITE ENERGY ISTALLATIONS
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RESOURCES BUILDING SITE oOUTPUTS RESOURCES BUILDING SITE QUTPUTS

Glass Solarcells frame  back sheet
Glass  Solar cells frame back sheet

Waste to energy N
- Waste to energy
- Materials reused/recycled
T 18kg/m*
M
o) gt = 9 kg / oL
Waste |\ nput = 2 kg / Py
oot 3kg
PV panel- PV panel- PV panel
EVA Solar cells  Cables PV panel- PV panel- PV panel:
EVA Solar cells  Cables
Resource
. Resource
Output = 9 kg / m* PV panel- PV panel: PV panel- PV panel
Output = 2 kg / m* PV panel- PV panel- PV panel- PV panel
~

MATERIAL OUTPUT : ON-SITE ENERGY INSTALLATIONS
MATERIAL OUTPUT : ON-SITE ENERGY INSTALLATIONS

(

N\ i
ENERGY RESOURCES: OFF STE 210 Wy s
ENERGY RESOURCES: OFF SITE o/ waste
90 kWh(th)/m*
A Co2  Unuse
o \< emissions waste heat
\) Electricity
. 450 kWh /.
veg l“ L > ENERDY OUTRUT
materials I Virgin ll L
magerils
- I
et L Waste - Heat
MATERAL NPUT ENERGY NPUT FF-SITE Waste 163 ke m ot ' 00 KWH(th)/m?
3 Stucco | Cement - Underfloor NATERAL NPUT ENERGY INPUT  FF-SITE
b s wcreed  pipes
Resource
Stikes4] Gumest | ndarfoor; Sendeich ‘ Steel WA+ Reinforced ' Sand ime
e pwes poe profle  glazing  concrete brick
Reinforced HRe+  Sand kme Steel
N concrete glaing  brick  profie MATERIAL QUTPUT: BULONG
Wood Waste Material flows - Energy flows
NATERAL IVPUT : BULDNG
downcycied « 396 kg/m’
\ W

waterialfows [ rerey rows
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Energy input Material input - building

2370,
2100
0 500 1000 1500 2000 2500 0 100 200 300 400 500 600
KWh /m2 kg /m?
Externally delivered On-site generated Externally delivered M  On-site generated M Reused/ Recycled(up) M Downcycled Waste Unknown
thermal energy thermal energy electrical energy electrical energy kg/m? kg/m? kg/m? kg/m?
kWh(th)/m? kWh(th)/m?2 kWh/m? kWh/m?
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Energy input

2100
630

0 500 1000 1500 2000 2500

kWh /m?

" On-site generated
thermal energy
kWh(th)/m?

Externally delivered M  On-site generated
electrical energy electrical energy
kWh/m? kWh/m?

Externally delivered
thermal energy
kWh(th)/m?
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Material input - building

0 100 200 300 400 500 600

kg /m?
Reused/ Recycled(up) M Downcycled Waste B Unknown
kg/m? kg/m? kg/m? kg/m?
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Material input - building

0 100 200 300 400 500 600

kg /m?
Reused/ Recycled(up) M Downcycled Waste Unknown
kg/m? kg/m? kg/m? kg/m?
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High energy and circular
ambitions in the EU

Lack of standardized
measures & assessment
criteria

Legislative & Organizational
barriers




- Assessment method that
integrates the energetic and
circular ambitions

- Addresses the synergies
and trade-offs between the
flows

- Design guidelines to
improve the performance




Holistic assessment with
standardized scoring

Test the assessment
method widely with more
building typologies

BIM software

Pricing incentives







