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# 5 FatmaAbdelaal % * 353 eniE A3k SfEMF 8 R A

GBRS Country Version Year
BREEAM International International New Construction v2.0 2016
LEED North America Building Design and Construction v4.0 2019
BEAM Plus Hong Eong New Buildings v2.0 2019
Green Star Australia and New Zealand Design and As-Built v1.0 2019
Homestar New Zealand Homestar v4.1 2020

(?? #L % & : Fatma Abdelaal et al, Comparison of Green Building Rating Systems from LCA Perspective)

BREEAM

45%

Homestar LEED

Green Star BEAM Plus

——Embodied Carbon ~ —— Operational Carbon ~ —— WBLCA

Bl 5 FatmaAbdelaal % ¢ $$ 5 %2 AT 6 MR AL T HRPITR 2 B %

(F#* %R : Fatma Abdelaal et al, Comparison of Green Building Rating Systems from LCA Perspective)

( Research Methodology

r Circular Economy

Product Construction End of Life Boyond the Building
Stage Stage Stage Life Cycle Stage
(A1 - A3) (A4 - AS) (C1-C4) (D)

Benefits and Loads

A1: Raw Materials Supply
A3: Manufacturing
AS: Construction and
Installation Process
C3: Waste Processing

A2: Transpont

Recyling Potential

-
Operational Impact

B7: Operational Water

B 6 FatmaAbdelaal % >t fj4F ¢ Hp & Apd P2z fE47

(A iR T ARG 6 RER B W)



(] Conclusion

v Conducting WBLCA is optional with less than 6% of the total
available points in the rating systems.

v" GBRSs lack a systematic assessment and reporting process of
embodied carbon emissions.

v" Building materials are assessed based on quantitative methods
instead of each material’s carbon profile.

B 7 FatmaAbdelaal % « #2 7 %% f 4%

(FH % ARG REHE W)

¥ Thais Sartori % « ** T Challenges in developing a holistic Whole Building
Life Cycle Assessment (WBLCA) soft tool: developers’ goals ; #7 % 45 ! > 23k 40
WEZF PR pZANP > PRI GED LT G o MEARE

FOPE o FPLaEy FE 22 A2 6P TR EME > KOEHEF - kT
VIR FTREZE IR AR LR o SRR Y -
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ar 2 N PO - /= v 2L PRI S % L
ER{ 7 2R F v AR U REFERE T FMREL PR (F
International Council P
for Rasearch and Inscvation Contextualization
in Building and Construction
Challenges in developing a 40% o o Satre s
holistic Whole Building Life tebuidngsector gy AL - wid
Cycle Assessment (WBLCA) ] Py e
. ! A whole life- ! h should b
software tool: developers' goals R dmiide \ B3
environmental impact. ‘n cg
Whole building Life Cycle Assessment : "K j‘ i
WBLCA W
ClBworld.org 2
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Results

Increase WBLCA demand

Reduce the time and cost of performing WBLCA

Align software tools with the BPP

Include WBLCA as part of the designers' education,

culture and practice
crease the collaboration between designers and other
WBLCA sectors

Make WBLCA methodology easier for designers

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
I
IR 4 B
- @

-

I 2y I P N H
[ S P A I

Fm—————— 1_ ______ :_-_ _/Ic?;éséi&; aatabases : :—-_ _S_h;r_e_pFe_-d_eﬁr;ea BJIIEIEQ; -
: = Make WBLCA : : = Harmonizing EPD : | assemblies and assessment
;  mandatory through || | = User-friendly software interface | : outcomes in a region-specific
I regulations : : = library with rules of thumb : | collective database. '
| = Pigouvian tax e
1™ “Super credit”in || st s under way ]
| certification || = Trained to read the outputs [
LN | e B e R PR e,
B 9 ThaisSartori % A =7 % % %%
(FH 50 © L3 § B R )
(5) FRIEALE 22 R
d 3t Ay E A E L2k 40-60% R HALEE 0 2T AL X B P E R
R ?gr)‘i/i' Sl R T S ﬁ%—" B K /EI’J'F )%l'}iﬁb/)%l/ﬁ FL

DEE: 3
sustainability and Circular Economy through construction waste management for

T d o g | & 470 3N (B 8) 0 A T fiiE
ATfE s wofod FREAR > TEEAM FEGTE 0 PRI R A ST E
¥ AL HER 2 AT PR MG R LATE RG] F 2 A
PRdZ B G B FTRHAR T o

BB % § B % o S Schutzenhofer % + »t T Improvement of environmental

2,

material reuse ; #* 3 el i

H, 8%, #r28
R F P
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Empirical Research

Literature Review

Input Data

Y

Hypotheses |«

Semi-structured
interviews

Transcription +
Extraction

L ]

Best Practice waste
management, Reuse, «

Analysis

Output

sustainable CE

Use Case

Demolition
Object

Material
Passport
Scenario 1+2

'
Demolition cost
» reductiondue
to reuse

B 10 SSchitzenhofer % A 2§ A= 7 & & b4 477 2

(F# %k : S Schiitzenhofer et al, Improvement of environmental sustainability and Circular Economy

through construction waste management for material reuse)

# 6 SSchitzenhofer ¥ 4 ** kb A4S %dp N EREHE 3 F ¥

Actual Waste
and cost
documentation

Material Mass [t] Units [m?] [m*/Qty] Quantity Costs/unit Cost/revenue
Chipboard 3.08 1395 1.36 102 1.5 €/Qty 154 €
Glulam 3.20 1206 0,72 167 10,0 €/Qty 1675€
Parquet flooring 1.08 1206 5.0 €/’ 603 €
Qak planks 0.65 545 0,24 227 30,0 €/Qty 6813€

-

& Copper 8.68 97,5 833 €/m’ 8125€

£ Roof truss 1111€

(=]

“ Timber 5.97 243 0€h 1450 €
Rockwool 395 462 0 € 1825€
Reinforced concrete 116 .37 200 €1 2327€
Total 12 878 €
Timber 3034 - €h -€

. Rock wool 395 462.0€h 1216€

E Reinforced concrete 116 .37 200 €1 2327€

% Total 3544 €

o Contaminated rubble 17.66 16.7 205 €

'.E Pure rubble 15.02 924 1388¢

:; Reinforced concrete 7549 200 1510€

.; Timber 30,34 2430 7373 €

E Rock wool 3.95 462.0 1825€

< Total 12 390 €

(F 4% &R : S Schiitzenhofer et al, Improvement of environmental sustainability and Circular Economy through

construction waste management for material reuse)
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Fiheh > 23— RehE R T (AP ML AHE AR E AR P
ERRER DFEFREH ) T EF - 2 GAEE (R 6) F A
REHERAL FE DR RS BAFAIER C E AP B YRS
2 FE (B 9) FHmFREY 2 PR L R R PRI R B SR
(R 10) o o ko BV 2 2 Ap R R B FATEE R A A
RS FH 4ol LI SR 4 (BT S R e fedirp
¥l A F o gt ehiE R T 0L & SREHE e (Radio Frequency ldentification, RFID)f+
i # % 3 23] (Building Information Modeling, BIM) % B jiwig & i 33 @ A &
VT R AP TR 4 2 B B I o

.?

T

Waste hierarchy and Waste/Material demand

Avosd and reduce waste
O et _

Material qumd CDW Diffgrcncc —
[Mio.t]  [Mio.t]  [Miot.]
Concrete 2325 1,35 +219 —
Mixed mineral 791 2,50 5.41
Timber 8.62 027 8.35 w
Building site waste 0.38 11 -0,72 w
Steel 0,77 1,69 -0.92

Austrian Data Least favourable '

B 11 S Schitzenhofer & 4 zp ;B ¥ 72 FF fAsgE 42 7 &
(FAL KR AR € REFE B)

Comparison recycling/waste mass

8
RECYCLINGNOTE DES GEBAUDES *
6.00% s
851
2(58-72%)
I 25 (44 . 58%) J
3(31-4a%)

35(17-31%)

N

4

» Recycling mass = Waste mass = Recycling mass » Waste mass

(43N =

Bl 12 S Schitzenhofer & 4 3L 7 fo PATRE H " B35S = %

(FH R 2 AR E RE )
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Method

(2) FHERALRURPRFHRITFTALR
LFE AN RLF R 0 RMAR R AITE RS A PRP T ik

W o d Bk f A R el T B il 3 2 (BldoE diedr) b
ERGERFMEE N4 o Y EFEPRIre B W UE £ AR PRE

Bl oo IR g AR 1 ¥ A el AR i 0 F]t Jiayi Xu # «
»* T Internet of Things (1oT)-Integrated Embodied Carbon Assessment and
Monitoring of Prefabricated Buildings ; # % ® - #& 1 — & % 3t 3p 45 f cndr B e

(Internet of Things, 10T ) R #ek #3225 {5 B % % (Embodied Carbon
Assessment and Monitoring System, ECAMS ) > %87 7 #r4k d1 2. k5o 5= B &
SRS S XL S ST LS </ PN S

Ctep 1> CStep2> Ctep3 >

EC assessment model | | Architecture development of IoT- | | Laborstoty test
design integrated ECAMS
* Determine the * Design the framework of IoT- * Demonstrate the
research scope and integrated ECAMS feasibility of
Objectives system boundaries * Clarify the methods of data sensor-based data
* Identify embodied collection, data communication, collection and
carbon sources and data analysis communication

B 13 Jiayi Xu &« fp452 A2 F WA PSP B R mt B Z Ry S 2 B
(F# k& : Jiayi Xu etal, Internet of Things (IoT)-Integrated Embodied Carbon Assessment and
Monitoring of Prefabricated Buildings)
PR A RIS 2 BGE EAI(R 1) 0 % Z R R R 10T K A
(RFID ~ 4vig & & g B{e >k 2~ % 5L (Global Positioning System, GPS)) % & **
TR 2% 20 B F Pl T B0 T B endicdy T 3B 4758 32 8 (Application
Programming Interface, API){S » & BIM ol 3= 73] 18 2 (8] 12) - %7 1 5 i
VLR B EORIGES N 0 P AR e ks et F oonfr e B R
TR AR T A E R ke i -
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temporal dimension

spatial dimension |
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3.1. EC assessment model design

EC assessment model: )
Carbon = Activity data x Emission factor!!)

A ,
( . " - — )
Temporal dimension ] { Spatial dimension
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12 statuses based on the working procedures during the
construction process of prefabricated buildings
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A five-level framework for multi-level units of analysis of
prefabricated buildings’ life cycle carbon assessment?!
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4. Discussion and conclusions

1. The sensors have been improved to be more practical and flexible. RFID sensors have been developed to be a dynamic
data carrier rather than merely a storage label of static information.

2. The embodied carbon assessment model has been modified to better reflect the carbon distribution of prefabricated
buildings from both temporal and spatial dimensions. It can thus facilitate more precise carbon reduction strategies from
a finer point.

3.

The coalescence of 10T, BIM, and LCA technologies can take advantage of the real-time data collection from loT sensors,

automated BoQ acquisition from the BIM model, and accurate carbon assessment from LCA software, forming a
comprehensive smart-tech embodied carbon and i

ing network for prefabricated buildings.

The accuracy of sensor data should be increased. E.g., for carbon emissions generated from equipment, more reliable

algorithms should be developed to automatically measure the operation time based on deep learning models.

2. The data communication among loT, BIM, and LCA remains a challenge due to disparate data formats. Industry

foundation classes (IFC) can be adopted as a standardized data format. An IFC-based semantic model should be Limitations
established for carbon assessment and the IFC schema needs to be enriched to incorporate sensor data

The proposed loT-integrated system is still in its infancy of development. Future research should be conducted to put the
system into practice.
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# 7 AmnaSalman % % &E NV s § BiEpd B adnik

Category ID Description Source
A. HVAC System
Al  MERV 13 or better filters 161346
A2 Maintain outdoor airflow rates for ventilation
A3 Disinfection strategies Ultraviolet Light or
better
A4 Limit re-entry of contaminated air
A5 Temperatures, humidity, CO2, airflows, damper
positions, control valve positions, motor speeds,
and status are returning or reporting reasonable
values.
A6 Pre- or Post-Occupancy Flushing Strategy
A7 Systems control strategies optimization
A8  Deposition
12,18,20-25

B. Building Design

Waste Management
C. Air Quality

Monitoring

D. Human-Centric
Design

Mental Health

G. Energy Efficiency

Cl

Cc3

D1

D3

F1

F3

F4

Gl

G2

G3

Botanical air filtration systems

Indoor Gardens

Operational Windows/Natural ventilation

All seating in classrooms is social distance
Signage is placed in seating areas, hallways, and
elevators

Disconnected drainpipes for waste management
Efficient exhaust systems for waste
management

Monitoring IAQ
Sensors/ IoT system
AI/ML/DL system for building Automation

Touchless Entrances

Sound recognition/ face recognition for doors
and offices

Touchless faucets

Availability of Greenery and Gardens
Availability of outdoor common spaces
Availability of common indoor spaces
maintaining social distancing
Household-level activity/ sport spaces

Building Automation System (more than 10
years old)

Building Automation System (more than 5 years
old)

Building mechanical System (more than 10
years old)

26-28

7 & Brainstorming
sessions with the
research Team

20,29,30

13 29,30&
Brainstorming
sessions with the
research Team

H. Building
Commissioning

G4

G5
G6

G7

H1

H2
H3

H4

Building mechanical System (more than 5 years
old)

Access to backup energy sources EU2.
Promotion of sustainable and alternative energy
sources

Use of energy-efficient appliances

Verify HVAC systems are working as designed
regularly

Quality of water system provided in the building
Check for particulate accumulation on filters,
replace filter as needed

Check ultraviolet lamp, replace bulbs as needed
(If applicable)

2,31 &
Brainstorming
sessions with the
research Team

(F#L %k : S Schiitzenhofer et al, Improvement of environmental sustainability and Circular Economy

through construction waste management for material reuse)
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