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- Today’s class

* The role of regulations in sustainable
construction

 Life cycle assessment
« Sustainalytics

* Another example from the Swiss innovation
ecosystem
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sustainable construction

X MINERGIE®

59 mio m?

de surface de référence
énergétique (SRE)

b
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51302

batiments certifiés
Minergie en Suisse

Le bfftfd tg dbt ttlUthavec

plu affectatiol p td étre décompté plusieurs fois.
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The role of regulations in
sustainable construction

02,0 mia

de kWh d’énergie et

11,24 mio

de tonnes de CO, ont été économisés au cours des 21
dernieres années grace aux constructions Minergie au lieu
des exigences légales minimales.
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The role of regulations in
sustainable construction

39°000

personnes ont suivi une
formation depuis 1998.

441000

personnes travaillent,
étudient ou passent leur
temps libre dans un
batiment Minergie.
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sustainable construction

X MINERGIE®

59 mio m?

de surface de référence
énergétique (SRE)

A
~

Minergie-P

Minergie-A

avec le complément ECO

avec le compléement
SOM Construction
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sustainable construction

Certification with the ECO supplement

The ECO supplement, combined with o )

one of the tFI)'leee Minergie standards, Minergie 2-3 lower energy
makes it possible to obtain a particularly o consumption
healthy, circular and ecological building. «

For this, it is particularly important to _
havefa”ﬂexfi]b e building c?ncegt, to Minergie-P Even lower energy consumption +
carefully choose materials and to pay iri i

great attention to themes such as water 'I BlowerDoor Test (air insulation)
and biodiversity.

Syster which provides for the comtrol | Zero emissions or NE | Minersie-A
and documentation of the buildings o
implementation of all relevant Modules Monitoring+
construction elements to cccl)nljlply with
Minergie requirements and thus ensures ; n

the de%initive certification of the
building. This allows construction
defects to be avoided.

I\/Ionitorin%+ and SQM Exploitation are [ Geg % R
products that allow planned and

calculated energy indices to be
compared to those measured. These
products make it possible to detect

Minergie-Quartier ECO SQM Construction SQM Exploitation

MINERGAIE®

malfunctions in technical installations iiili ©=

and ensure that energy consumption . |- ey
and loads are as low as possible during e efficacite,
operation. Planification, construction et mise en service Exploitation gLOZTf;‘f:

B INNOVATION FOR CONSTRUCTION AND THE ENVIRONMENT

=
(=]

Dr. Dimitrios Terzis



=PFL  The role of regulations in

B INNOVATION FOR CONSTRUCTION AND THE ENVIRONMENT

sustainable construction

X MINERGIE®

59 mio m?

de surface de référence
énergétique (SRE)

A
~

Minergie-P

Minergie-A

avec le complément ECO

avec le compléement
SOM Construction
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The role of regulations in
sustainable construction

= New materials

= New energy grids (for e.g. district heating networks)

= New business models (for e.g. materials which are leased/rented)
= New data collection and reporting systems

= New design approaches

Dr. Dimitrios Terzis
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L Jd

Goal &
Scope

Life Cycle
Inventory

4 Interpretation

K

Impact
Assessment

O

=
w

Dr. Dimitrios Terzis

LCA vs. LCl vs. LCIA

LCA Stands for Life Cycle Assessment. LCA is the scientific method to calculate the
environmental footprint of a product. Expressed in 15+ environmental impact
categories.

LCIA Stands for Life Cycle Impact Assessment. The LCIA is phase 3 of the four phases of
performing an LCA. It's where the impact assessment takes place.

LC|] Stands for Life Cycle Inventory, which is phase 2 of the four phases of performing an
LCA. In this phase, we collect the input data (BOM, energy usage, etc.) that are
assessed in phase 3.

CO Ecochain
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LCA decesion making design

1

Bill of Quantities
@ 5@ ) i

[

BIM software BoQ LCA software  LCAresults

(@) I

BIM software LCA software LCA results

T (§ z) > (ica) |--»
. Q [
BIM software BIM viewer LCA software  LCA results

+@ > (il

BIM software LCA plug-in LCA results

DATA|

-->

> ul]ﬂ ul]ﬂ

BIM software LCA calculation  LCA results

Figure 2: Most common BIM-LCA integration types

BIM and LCA integration: A systematic literature review

T Potr¢ Obrecht, M Réck, E Hoxha, A Passer - Sustainability, 2020 - mdpi.com

To foster sustainable development, the environmental impacts of the construction sector
need to be reduced substantially. Life cycle assessment (LCA) is the established
methodology for the quantification of environmental impacts, and therefore has been
increasingly applied to assess the environmental performance of buildings. By coupling
LCAs with digital design tools, eg, building information modeling (BIM), the identification of
environmental hotspots and their mitigation is possible during the design process. The ...
Y% Save DY Cite Cited by 145 Related articles All 12 versions 99

=
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End of life
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Resources

Performing accurate
LCAs for the
construction industry
using BIM models

Distribution

A past year’s project presentation
12/12/2022
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=PFL  Introduction

= |mpact of the building sector:

« 32% of global resource ' v ——
consumption and 40% of energy product Stage | <°"siruction endofife | Beyondthe
consu mption (A4 - AS) (C1-ca) Building Life Cycle

e 22% of hazardous wastes in

Europe

[ =
5 S y = B E
.'8 L % 3= g £ o )
e & = s|sls|lS) 5 = -
= + = + 17 1 Q - <) a + a - 8o
i o — o = =l ]lsl5 =15 4] ] w | ©
slale] 2| ¢ Slale|sls]ele]é 2|2
. R c = = sl =sls]le]@a S lo
% 5 ol B st
«  Aset methodology - REE HEBEIEIE e
2 < S B6: Operational Energy 8 8 =
o B Ut & = (HVAC, Hot Water & Lighting) 8
<T n 3
=  Scope not well defined = B6: Operational Water 3]
= Lack of automated methods (Excel Transport of e
files, by hand calculations ..) Construction (Al remalning energy used within the
Labour building)

. Connection with BIM models

Source: En 15978 - sustainability of construction works - assessment of environmental performance of buildings - calculation method. November 2011
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BIM LIBRARY

1. Current solutions overview

LCA INFORMATION

PDF
IFC EXPORT LCA RESULTS
_—
IMPORT

TO LCA SOFTWARE

— Template including environmental data about
building material

B
Hit

LCA
SOFTWARE

BIM MODEL

— Static BIM-LCA approach

E‘ | . MATERIAL
MAPPING (L2
BIM LIBRARY :

LCA DATABASE ID NUMBER
BIM LIBRARY

LCA INFORMATION

8 LCA DATABASE
L
eoo EXTRACTION "DF LCA
MANUAL INPUT * n LCA RESULTS PARAMETERS
= [
LCA EXCEL
SOFTWARE CALCULATION
BIM MODEL LINK GEOMETRY CALCULATION
RESULTS
— Conventional extraction from BIM to LCA
AUTOMATION WITH LCA REPORT
software i ODEL DYNAMIC TOOL
I ASSIGN VALUES TO SHARED PARAMETERS T

— Dynamic method: Plug-in
Source ORJOLA BRAHOLLI. Automated procedures for LCA analysis on a BIM project, Politecnico Di Milano, 2019.



=PFL 1. Literature review

1. Use cases

a) Direct LCA databases into BIM ol - oy )

- Integrated BIM-LCA workflow

- Swiss context (LOD, LCA, and
cost-planning databases)

LCA Database

- Connects LCA database to cost-
planning structure

- Create a new LCA database per

D miyw 1219 124

154181 | m2yser 1260 196 4800

52000

029,00

element e m2 yoar 140121 | m2 yoar 0 0 4500
€22 001 intersor wal construchon concrete 2 yoar 0 &7 2 your 100 20 00
L L] k I t d LCA :;;\C]ﬂ' Concrete bearng wp 1o K32, raw 20 om, B 90 m2.yeer 20 0
. Links newly create i i R,
:‘::él“ Concrete besrng over K32 raw 25 om, 8 105 m2.year 160 2346.00
databasetoa BIMmodel | @ o= sy i e R
€22 002 Boarng mascnry Som m2 yoar 'S 00
"2y
m2 year
m2 yoar

8
- - o o
8 g 8 8 8

138,00

Source : Aliakbar Kamari, Bartlomiej Marek Kotula, and Carl Peter Leslie Schultz. A BIM-based LCA tool for
sustainable building design during the early design stage. Smart and Sustainable Built Environment, 11(2):217-244,
July 2022.
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1. Use cases

b) Plug-in Solution

Global warming, kg CO2e - materials

SINGLE SCORE
88353

- Early design stage to target critical building elements +
alternatives comparison

- Plug-in integrated into BIM software

- Automatically calculate LCA :

« takes automatically every element and associates them with
the LCA database e e R o s e
«  Graphical and numerical results e e A

inless Steel: Polished: 1.37376E+002 @ Glass: Clear Glazing: Low E: 4 46735€+002
Matte: 62858264000 @ Glass: 8.32309E+003 @ Aluminium: 2.30651E+004 @ Puds: 2.14950E+003

@ Glass 2: 28239564004 & Aluminium panels: 47940864002 @ Concrete: Cast In Situ: 4.12467€ 4004

Source : Anita Naneva, Marcella Bonanomi, Alexander Hollberg, Guillaume Habert, and Daniel
Hall. Integrated BIM-Based LCA for the Entire Building Process Using an Existing Structure for

= Cost Estimation in the Swiss Context. page 18, 2020.



=F*L 1. Innovation and impact creation

1. Room for innovation

= |naccurate BIM models

Source:

https://www.google.ch/url?sa=i&url=https%3A%2F %2F skills4future.mk%2F public-call-for-interested-applicants-

for-trainings-for-

bim%2F&psig=AOvVaw2w3YuJdgxhcV4ZAW_qhKZjt&ust=1670502823563000&source=images&cd=vfe&ved=0
u CAOQjRxgFwoTCKDexrrG5_sCFQAAAAAJAAAAABAI

Detailing Product and Construction
stages

drone-malin.com

Source:

https://www.google.ch/url?sa=i&url=https%3A%2F %2Fwww.youtube.com%2Fwatch%3Fv%3D864ZX6n8Kcs&psig=
AOvVaw1gwGvynknjdleAxlt_5ptp&ust=1670503116681000&source=images&cd=vfe&ved=0CA0QjRxqFwoTCPiq5
KnD5_sCFQAAAAAJAAAAABA3

21
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Il. Innovation and impact creation

1. Room for innovation

LCA computations mainly for buildings - Accessible data

N
/TN

I o I G

22



=F7L 1. Innovation and impact creation

2.Value creation

=  Monitoring and App:
*  Transport of materials, people
*  On-site energy consumption
Consumption of construction machines

= Use for other types of construction than buildings

= Open-source database containing the results of
LCAs
«  Buildings and other construction

«  Great value to construction companies, to the
industry, and the scientific construction field as a

whole
«  Serve as an example
«  Transform LCA from a methodology to a tool




=F7L 1. Innovation and impact creation

3. Potential risks
a) Companies unwillingness to use monitoring tools

Need to be planned ahead

Trained engineers or architects needed

Increase the cost of an LCA

Return on investment not guaranteed in the short term

Necessary measure on a building site?

b) Companies’ unwillingness to share their data

Willingness to use an open-source format?
Data is valuable (paid for, reproducible)
Data can be sensitive

No financial incentives to share it

TOP
SECRET

24
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2. SWOT Analysis

-

Strengths:

- More accurate LCAs

- Better understanding of global impact reduction levers
- Possibility to compare design alternatives

- Avoidance of manual data re-entry

~

o 4

~

/Opportunities:

- Valuable database creation

- Easier carbon footprint assessment

- Demand increase for automatical accurate LCAs
calculation

- Environmental impact reduction of the construction

Il. Innovation and impact creation

P

Weaknesses:

- Convince people

- Lack of process standardization and lack of precise
LCA databases

- Privacy issues

Q\dustry J

o

~

4

/

Threats:

- No support from large companies
- Refusal from various stakeholders
- Supplementary fees for companies

\

~

25



N
[-2]

=PFL BoQ: Bi" of Quantities EFFC/DFI Carbon Calculator

Emission breakdown : Average results (based on samples studied to develop the methodology)
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Cement Production Process

Raw Meal Silo  Suspension Preheater

0073

Raw Mill Electrostatic
Precipitator

PR—

o )4

Clinker Silo —_—

Cement Mill
N ———

= =

Cement Silo

ij
"_——_-";I‘( —5 Packing House

Rotary Kiln

L = &IV_ Cement Tanker

Figure 9: cement production process

Decarbonization and energy consumption

7~ SolarPACES < >

Bill Gates Funds A Second Concentrated Solar Thermal Startup:
Heliogen - SolarPACES

Visit

N
~

Dr. Dimitrios Terzis



=PFL  Environmental footprint beyond LCA

Constructing Cities and the Sustainable Development Goals (SDGs)

//Q’\
------ AT NG/

S5 S5 g -

o 1] s o
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TOOoOscOmOeC s I

GoodHealth& [N Affordable & DecentWork & Industry Sustainable Responsible Climate Life on Partnerships
3 Well-Being "‘u ; ean Ene - 8 Economic Growth 9 Innovation & 11 Cities & o 12 COﬂsummlon 1 Aot 1 Eath 17 for the GO;S
Infrastructure Communities & Production
8-
A —_ 1

B INNOVATION FOR CONSTRUCTION AND THE ENVIRONMENT

Image: World Green Building Council
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Scope: Technological innovation and real world

Materials Science Market

Death valley




Background

Asphalt crack Bilayer Microfluidics Ultra-shiny Self-healing Mineral foams
healing Microcapsules Chocolate Composites
Given topic Accident Fun Time to kill Given topic Impact

. J . / . /




EPFL - Empa renX

Asphalt crack healing

=

Magnetic field

Heat generated from NPs

Under combined conditions, microcracks can be closed autonomously.



Asphalt crack healing - Follow-up
i

Swiss researchers are injecting iron-oxide nanoparticles into bitumen to
try and prevent potholes from forming.

150+ media coverage

1 Patent

= i 4
=% Tl -5 -
R o
b “
1 ’
. i\l

®2 Iron oxide nanoparticles
. are mixed with bitumen

> @ w30 £ ) . .
©w0 19 152 comments 6.2K shares 1.9M views meuc Surfher Bmtung

oY Like () comment > Share P~




Ultra-shiny chocolate

We love Chocolate! We love Buttertlies!






Ultra-shiny chocolate

Order:




Problem: Building Environmental Impact

Global GHG emissions

Transport
36% 40%
World greenhouse World energy
Industry gases emissions consumption

32%

. Building
Materials &
Construction
11%

New Buildings Institute

15



Problem: Building Environmental Impact

Population o
. Building stock area
§
1970 'i Q 1}? : Ix NYC per month R
:: 4' ———————

Global Floor Area Growth

16



Concept of Sustainable Circular Economy

Sustainability: the ability to exist constantly - optimized process

Circular Economy: economic system aimed at eliminating waste and the continual use of
resources

RO: refuse R5: refurbish

10 C]rcu[arity Strategieg R1: rethink R6: re-manufacture
R2: reduce R7: repurpose
R3: re-use R8: recycle

R4: repair R9: recover

Potting et al., 2016

17



Circular Economy in Construction

Guggenheim Museum, Bilbao Markthal, Rotterdam

T — e

(1T

Blur expo02, Yverdon-les-Bains MAXXI, Rome

Assembly Disassembly

19



Concrete

Dismantling Wood

2 |

Plastic Glass cork

Nails

Bricks

F

Sand Reinforcement

o

" e.g. non-selective

Plastic | &8 &c

Buildings are patchy composites Selective vs non-selective

20
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Dismantling

Fixings External wall

Problems

Reinforcing L . '
mesh TR Adhesive

Lack of reversed logistics

Contaminations
(e.g. bituminous glues, HBCD)

Insulation
board

plaster

Wall structure

22



Strategy for impact reduction

Baseline

a) 2055
~10% production

3°850 t IIBI

-—

336’330 t

recyclin,
2’600 t

sorting /,I b

deconstruction 1’300 t installation

Ta

Screwing vs gluing

Selective deconstruction

+86°630 t

incineration

landfilling

Wiprachtiger et al., Resources, conservation & recycling, 2020

23



-0.10

Impact on climate change [Mio. t CO,-eq/a]

0.00 0.10

0.40

-1°000

amount of materials [10* (]
deconstructed

-500

installed
0 500 17000

1 " 1 + i 3 L 3 i ' } F— 1 n : . I 't
— __ polyurcthanc
z exp. polystyrene . .
E-:"' extr. polystyrene
Baseline g wusegml
o .
= glass wool
_"é‘: wood tiberboard T Z 1.00 Mio. t CO,-eq
| B  —
S exp. polystyrene -
g extr. polystyrene pi—] . .
A - 3‘; ~ stone wool —
% glass wool Z 0.70 Mio.t CO,~eq
= wood fiberboard -30 %
£ I |
o __polyurethane put__}
£ exp. polystyrene I
; extr. polystyrene Ci—
8 . stone wool I - _
ks ] glass wool 1
B 58—+ ] |
Z G foam glass e
g ©  wood fiberboard | : :
é hemp fibers ‘ )_’ 0.68 Mio. t CO-—eq
S cellulose fibers e 2N
polyurethane —
2 xp. polystyrene —
2  extr. polystyrene e
= glass wool
A + B p = : Py
= foam glass <
=) wood hbutzuard i S B
k) hemp fibers » 2. 0.56 Mio. t CO,—¢q
cellulose fibers - e -44%

m [andfill oil-based materials

m Recycling

® C sequestration ® Deconstruction incl. coll. and sort. ® [ncineration
® mincral wools

W biogenic materials

® [ncincration benefits = Production incl. constr. and transp. H Incineration residues

CH based numbers

® Incineration benefits residues m Adhesive prod. and transp. +net

o ! . 24
Wipréchtiger et al., Resources, conservation & recycling, 2020



How can Construction become more sustainable?

= Recycling in Construction is too costly (logistics + contamination between materials)

" |ncreasing recycling rates + use low-carbon materials could reduce Swiss CO,
emissions by 44% by 2050

= New construction materials must be low-carbon + "easy-to-recycle”

25
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Development of ultra-light ceramic foams









Applications

high-temperature thermal insulation
filters for molten metals, exhaust gases

catalyst carriers
bone grafts
lightweight materials

High-impact application is building thermal insulation but:
* Expensive
* High carbon footprint



Thermal Insulation Market

« Polystyrene

. Fiberglass
- Mineral wool

— o Polyurethane

CONFOEDERATIO HELYEF,

Global building

thermal insulation market
CHF 22.4 billion (per year)

Swiss building

thermal insulation market
CHF 600 million (per year)

Customers
Real Estate developers, Constructors,
Project Planners, Architects, Installers

33



General / Total
Contractor

Specialized Planner

(Building Physicist)

Distributor

Market Players

Want to build /

renovate a
development ’

Choose &

[y
+— D coordinate the
& different companies ’ Coordinate
. e e — construction /

Plan & design the | renovation phase

< development /
renovation

Create detailed
plans & calculations
for needed
insulation

Buy and distribute

| insulation material

Produce & sell
insulation material

T e e o mm mm mm m mm mm mm mm Em mm o mm - - -
]- Install insulation

v

material

confidential




OUR SOLUTION

MINERAL FOAM FROM WASTE

Excavated Materials Waste from Excavated Materials Expansion of FenX foam from waste

We use Swiss Mineral Waste Nr.1 = Excavation Materials

L N ) confidential



THE GREENEST NONFLAMMABLE INSULATION @

confidential

Very low carbon footprint

\

~
~ So
)’ ~
~
~

(OICI

Nonflammable (A1/RF1 certified)

Remarkable insulation

Very light

Priced competitively

Fully and easily recyclable

37



Construction&
Demolition Waste

<
%)
©
N
%)
-
<
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=
o

Excavated
materials
Metal slags
Coal fly ash

&

Examples

e

W .
-
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Business Model

7 \ 4
S o)
& ?Qg
—o) O™
' —>
Raw materials Mixture assembly
supply
\_ J \_

<)

nnn
0]

Contract
Manufacturing

—

7 N\ 4
—b

.Prqduc‘t Building
distribution industry
\ F / N T
Iy !
I SSS :
Iy !

confidential
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