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Climate Disruptions in Lebanon ¢ seo Lab

Floods

Sea Level Rise
Windstorms
Heat Waves
Fires

Power outages
Earthquakes
Water Shortages
* Air Pollution

« Pandemics

2024 Dubai

2023 Darna

2021 Beirut

2019 Shouf (Storm Norma)
2018 Jeddah

2016 Kuwait
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Al-Shouf Cedar Reserve
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Global Climate Change
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What cause climate change?
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What cause climate change?

With greenhouse gases

reflected
sunlight
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What cause climate change?
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Methane is emitted by livestock,
agricultural practices, decay of

l organic waste in municipal solid
waste landfills and during
burning of fossil fuels such as coal, processing of coal, oil, and
oil, natural gas, and deforestation natural gas. It traps the heat.
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What cause climate change? & seo Lt
pmol mol ! pmol mol ~!
Molecule x or % (ppmv)” (2014) (ppmv) (1750)
N, 0.78 or 78% 780 900 780 900
0, 0.21 or 21% 209 400 209 400
H,0 0.03 (100% humidity, 298 K) 30 000 31 000
H-0O 0.01 (50% humidity, 298 K) 10 000 16 000
Ar 0.01 or 1% 9300 9300
CO, 3.8 x 10~* or 0.038% [ 393 280
Ne 1.8 x 107 or 0.002% 18 18
CH, 1.77 x 107° or 0.0002% 1.80 0.72
N,O 3.2 x 1077 or 0.00003% 0.32 0.27
05" 3.4 x 10~% or 0.000003% 0.034 0.025
All CECs® 8.7 x 107" or 8.7 x 107%% 0.0009 0
All HCFCs" 1.9x 107" 0or 1.9 x 107%% 0.0002 0
All PFCs® 83 x 10 " or 83 x 107°% 0.00008 0
All HFCs' 6.1 x 107" or 6.1 x 107°% 0.00006 0
Future Technologies for Achieving Net-Zero Carbon Buildings Shady Attia 11

ISBN: 9780444635242



Climate change indicator?

1. GHG Emissions Intensity

= 1 molecule of

Ener se Intensity
K m ly

GWP
kgCO, ./m?/year

GWP
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Zero Net Carbon Buildings @ seoiab
From Energy Use Intensity to GHG Emissions Intensity

Measuring Enargy
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https://www.iso.org/standard/65601.html

Why Whole-Life Carbon Buildings
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‘Embodied’ and ‘operational’ impacts

18% GHG emissions
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82% GHG emissions
(IPCC/UNEP, 2022)

Life cycle phases of buildings

Source: https://www.smartlivinglab.ch/en/infrastructures/smart-living-building/
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Reducing ‘embodied’ impacts
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USE OF CIRCULAR
MATERIALS AND STRATEGIES

(INCLUDING RENOVATION)

Life cycle phases of buildings

Source: https://www.smartlivinglab.ch/en/infrastructures/smart-living-building/
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PREFABRICATION AND
LEAN PRODUCTION
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Lifecycle Stages of Buildings: 1ISO 14040

STAGE
BEYOND
THE
CONSTRUC- LIFECY-
PRODUCT TION MAINTAIN AND USE END OF LIFE CLE
Embodied Embodied Embodied - Operational Embodied Embodied
GHG
Emissions
[ A
% -M T & By, &
Time -4\
Extract Transport Manu- Transport Con- Mainte- Repair Replace- Refur- Energy Water Demol- Haul away Recycling Disposal Reuse/
raw tofactory facture to site struct nance ment bishment Use Use ish the waste Recovery
materials products the building materials
building
TEa | " B i ‘ R !
a1 [ A2 | A3 [ae | as [B1 | B2 |B3[Ba|B5[Be |87 |cC1[c2[cafca D |
MODULE © New Buildings institute
Cradle to gate e = '
Cradle to site
Cradle to handover "
Cradle to end of use o
Cradle to grave -
Cradle to cradle -
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Why whole life cycle carbon? S0 14040

1. Comprehensive Carbon Embodied Emissions
Footprint Assessment Operational Emissions

EoL Emissions

2. Long-term Sustainability Goals
Climate-neutral by 2050.

STAGE Negative Emissions
3. Regulatory Efficiency
Resources efﬁciency PRODUCT . END OF LIFE Hae
Embodied Embodied Embodied Operational Embodied Embodied
2
i 99
4. Market Transformat_lon A SE O R O
acce I e rate th e ad O ptl O n Of g re e n e Extract Transport Manu- Transport Con- Use Mainte- Repair Replace- Refur- Energy Water Demol- Haul away Recycling Disposal Reuse/
te C h n 0 I 0 g ies marg\::als to factory pfraofjlﬁz;?s to site ;tti%cr:g nance ment bishment Use Use tl;i:(;::\eg mv‘:taesrti:ls Recovery
5. Holistic Environmental Impact: SR
: Figure 1: Lifecycle stages of building carbon. Data source: BS EN 15978:2011
Circu l ar economy Source: Bowles, Cheslak, and Edelson 2022

Future Technologies for Achieving Net-Zero Carbon Buildings Shady Attia 18
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Lifecycle Stages of Buildings:

EN 15643

Civil engineering works assessment information

Civil engineering works life cycle information

Supplementary information
beyond the civil engineering
works life cycle

|
I
I
|
A0 A1-3 A4-5 B1-8 c1-4 ! D
I
I
ERE: PRODUCT CONSTRUCTION END OF LIFE | Benefits and loads beyond
CONSTRUCTION PROCESS USE stage bound
stage stage I the system boundary
stage stage "
A0 Al A2 A3 A4 A5 Bl B2 B3 B4 BS5 (5 T c3 c4 :
v —
- : ||| 2 g :
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g ; = g = = B6 | Operational energy use S = § £ | Avoided impacts of
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2 B7 | Other operational processes g 5 I
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I
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Net-Zero Whole-Life Carbon Buildings
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EU Carbon Neurality 2050

®
2021

=

1. All-electric buildings .

NEW

2. Low carbon buildings CONSTRUCTIONS

3. Decarbonization of heating &
cooling

EXISTING

4. Decarbonization of Energy Mix BUILDINGS

5. Low carbon building services

Future Technologies for Achieving Net-Zero Carbon Buildings

EPBD
RECAST:
Introduce Building
Renovation
Passport (BRP)
to facilitate
low-carbon
renovations

EPBD
RECAST:
Defining
‘zero operational
emissions'
and
'whole-life zero
emissions’

EPBD
RECAST:
Introduce

Minimum Energy
Performance
Standards (MEPS)
to improve
worst-perfoming
buildings

@
2023

EPBD
RECAST:
Introduce

progressive
tightening
thresholds to
net zero whole-
life carbon

All public
buildings carry
out a LCA linked
to a BRP

2025

e Yo *o

12030

By 2025 all new
buildings are
zero-
operational
emission
buildings

By 2025 new
buildings to
measure and
disclose
whole-life
carbon data

2028

151’
MEPS
THRESHOLD

|
|
|
|
I
I
|
|
|
|

By 2036 all new

buildings are

whole-life

zero emission

buildings
|

Deep

renovations

are whole-
life zero
emission

: 2040
| 3RD
: MEPS

e e e e R

THRESHOLD

2035

2ND
MEPS
THRESHOLD

Shady Attia

2045
4TH
MEPS
THRESHOLD

2050
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Why whole life cycle carbon?

Denmark

France . from 2021: £0.8

equlation year: 2023 e,
all new buildings > 1000 m, LCA reguirement for public buildings implemented! agreed
system boundary: A1-A3, B4, B6, C3-C4

lifespan: 50 years The Nederlands ilieuprestatie Gebouw)

from 2025: max. 7,1 kg CO,.,/m,/ year « regulation year: 2017

1,5 kg CO,¢/m,/ year: A4-AS « all new buildings > 100 m,

» system boundary: A1-A5
» lifespan: 75 years (residential)

regu|ation year: 2022 (DGBC max. 200-260 COz_eq/mz GFA)

all new buildings > 50 m, Sweden
system boundary: A1-A5

» regulation year: 2022

lifespan: 50 years - all new buildings > 1000 m,
from 2022: max. 640-980 kg CO,_, /m,, - (single-family houses excl.)
depending on building typology « system boundary: A1-A5

* lifespan: 50 years

* from 2025: max. 180-460 CO,_,/m, GFA,
depending on building typology

Future Technologies for Achieving Net-Zero Carbon Buildings Shady Attia

Attia, S., et al. (2021)

22


https://www.sm.dk/nyheder/nyhedsarkiv/2024/maj/nye-byggerier-skal-vaere-markant-mere-groenne
https://www.ecologie.gouv.fr/reglementation-environnementale-re2020
https://www.rvo.nl/onderwerpen/wetten-en-regels-gebouwen/milieuprestatie-gebouwen-mpg
https://www.rvo.nl/onderwerpen/wetten-en-regels-gebouwen/milieuprestatie-gebouwen-mpg
https://www.rvo.nl/onderwerpen/wetten-en-regels-gebouwen/milieuprestatie-gebouwen-mpg
file:///C:/Users/u0144863/Downloads/Paris Proof Embodied Carbon Calculation protocol_EN.pdf
https://www.boverket.se/globalassets/engelska/limit-values-for-climate-impact-from-buildings-and-an-expanded-climate-declaration.pdf

Operational vs Embodied emissions

@ WLC regulation for all/non-residential buildings implemented/agreed

Embodied Emissions
Operational Emissions

WLC regulation for all/non-residential buildings planned

EO I_ E m | S S | O N S LCA reguirement for public buildings implemented/ agreed
STAGE
BEYOND
THE
LIFECY-
PRODUCT END OF LIFE CLE
Embodied Embodied Embodied - Operational Embodied Embodied
GHG
Emissions 1

99

A & Ay, W

Time
Extract Transport Manu- Transport Con- Use Mainte- Repair Replace- Refur- Energy Water Demol- Haul away Recycling Disposal Reuse/
raw tofactory facture to site struct nance ment bishment Use Use ish the waste Recovery
materials products the building materials
building

MODULE © New Buildings institute

Figure 1: Lifecycle stages of building carbon. Data source: BS EN 15978:2011
Source: Bowles, Cheslak, and Edelson 2022

RE2020 threshold of 4 kgCO2.equiv. operational emissions per m2 for new residential buildings
Dynamic LCA calculation method + threshold for embodied carbon emission of 100 kgCO2.equiv per m2 Attia, S., et al. (2021)

Future Technologies for Achieving Net-Zero Carbon Buildings Shady Attia 23



GHG Emissions ) et
Embodied and Operational Emissions I I

Formulare 8 x

Ergebnis erzeugen

Alle
ID_ Test IFC.ifc | Gebaudename

+ 2023, Operational emissions:
4 kgCOZ2.equiv. per m2  for new
residential buildings

Modelie | Gebaude

LCA-Datenbank [ Oekobaudat_2021-I V] « 2023, Embodied emissions (OﬁICE)
s Material-Datensaize 8 Bauteil-Datensatze 24 kgCO2.equiv per m2

Berlcksichtigung TGA ® Onhne O Vereinfacht O Volistandig

Gespeicherte Betriebsbilanz | v Laden - -

| o = B

Ergebnis laden und speichemn

+ 2025 Operational + Embodied
emissions:

Ergebnis speichem \Variante 2 Ergebnis speichern
Ergebnis wahlen Variante 2 v| Ergebnis loschen 7,1 kgC02 .equ YA per m2 for new
| Ergebnis anzeigen Il Alle Ergebnisse anzeigen

residential buildings: A1-A3, B4, B6,
C3-C4
1,5 kg CO2-eq /m2 / year: A4-A5

|

Ergebnisibersicht

GWP-Bilanz des Gebaudes
12.0 12.2
-. 2
c
; g
] >
L]
5 6.6 12
[kg COp-Aqv. pro m? und Jahr]

Source: DGNB, Sebastian Theil3en, BIM-based emissions modeling
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Embodied GHG Emissions

Many of the mostly widely used construction materials are from carbon-

Intensive heavy industries

choose impact category
Global Warming Potential (GWP) 202080

choose unit
fiter by material group %3 22923
o fiter Gaaniand el

fiter and sort by “functional unit”

according to declared unit ,
Coppersheet 22094
2Znc
8 B 26510
Swctral V) 2o

Fioxe cement boards.

Concnte 2037 PEan Giass pans, doute. L sancecns
menpiane wamer sozed
e render fost Gypsum bowd beha, R
‘ & a8 @, F ) >
%3 Coypir g 835 . 704 Evmedperte £5 92
o Gppsum foc nowe 1
G o e TS it aiee
Rommedoamus PR
- W 9 o <& -
731 5,/ 5100 o 5 6800
uz‘ Viood fe insulaton ey Parquetfoor 14mm  Ghlom o 4 e

Piywood timber GLT

Source: https://materialepyramiden.dk/

. | GWP [kg COp g/ m3 ]

10000Ka CO, oim*

1000ka €O, wim?

100ka CO5 wm®

104g CO» om?

0ka CO5 Jm?
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Materials Embodied Energy Content

Amount of energy needed for a material, il
per m® of material

g mining, pr

Clay Block

Concrete

Autoclaved aerated

concrete M
(Cellular Concrete) - Kwr-lma
Sand Lime Brick E’_ _ KWhIm3

Sand Lime Brick
perforated »

|
Cement Mortar
N
|
180
Wood Untreated KWh/m3

Straw Bales &
Loam

350
KWh/m3

300
KWh/im3

The length of the bars is proportional.

and delivery at construction site

1850
KWh/m?®

. T 1
Red Brick —r—
sold

Key questions to answer
Does the material fit the purpose?

To what extend is the material available?

Can the raw material be mined locally?

How much energy is needed to produce the material?

Is the production process happening locally?

RNk

w How much waste is produced during the
\./ production process?

Is there environmental contamination or hindrances
during the production process?

j What maintenance does the material require?

Is the product ready for disassembly?

B
EE Can the product be recycled?

o

e

Shady Attia 25



Embodied GHG Emissions

« Taking a Broader View of Carbon w " = - )
: J—— o )
* Whole life carbon Assessment Z i
« Environmental Product Declarations W /
b e //." s
R Windows (Z/ .P\::\ i ;
| 2 o=
& I I
Q ‘ b Vady| st
d R Insulation < R coreiont L SO USRS | SR/ SRR SR LR S S B //
>
w
tR  Cladding
5 o o . "
=) et kg COzequivalent per m“of product
14 43 555
- =1

T T T T T T T T T T 1
0 50 100 150 200 250

[y
. . . . . S h ad Att| a % §i§lﬂpmldiklﬁng
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Embodied GHG Emissions

Categories of carbon negative materials

& potential of negative emissions

Tim'ber \ Straw Cork

Biochar Captured carbon Biomineralization
(Low carbon
aggregates)

Future Technologies for Achieving Net-Zero Carbon Buildings

Potential of negative emissions

Biobased Materials 10-50%

Charcoal Concrete 2-10%

Carbonized Concrete 2-3%

Shady Attia 27



Environmental Product Declaration

Life Cycle Impact Assessment of Building Materials and Products

:EMWRQNMENTAL PRODUCT DECLARATION

In accordance with EN 15804 and ISO 14025

— - Gyproc® Normal -
* Standard Plasterboard

\/EPD
ERIFIED

fh'bm td dmm .'
howe m-dewnn 5
T e @ Gyproc
Rogistraton number .' SAINT-GOBAIN
The International EPOS Systom
S-Po0388

Future Technologies for Achieving Net-Zero Carbon Buildings

ENVIRONMEN

Construction

process stage Use stage End-of-life stage

D Reuse, recovery,
recycling

energy use
B7
Operational
water use
c1
Deconstructio
n / demolition
processing

8 E s =
s £ E s
~ & =3 0% o=
@ g @ g @3 @ g
® s 2 2
= [ 8 )

2,14E400 1,24E-01  1,52€-01 o 0 0 0 0 o 0 4,10E-02 1,34E-02 1,54E-03  1,24E-01  -2,18€-02

@ Global Warming Potential
(GWP 100) - kg CO; equiv/FU

The global warming potential of a gas refers to the total ribution to global g resulting from the emission
of one unit of that gas relative to one unit of the reference gas, carbon dioxide, which is assigned a value of 1.

5,52E-08  1,90€-17  2,76E-09 0 0 0 0 0 0 0 5,59E-18  7,03E-15 2,47E-12  6,94E-16 9,80E-05

8,24E-03  4,956-04  5,54E-04 0 0 0 0 0 0 0 1,44E-04  S5,48E-05 1,74E-05 7,086-04  1,82E-05
Acidification potential (AP)
kg SO; equiviFU Acid depositions have negative impacts on natural y and the d i incl, building:
The main sources for emissions of acidifying substances are agriculture and fossil fuel bustion used for ricity production, heating and P
1,51E-03 1,21E-04  9,33E-05 0 0 [ 0 0 0 0 8,38E-06 1,38£-05 3,2E-06  8,036-05  -3,45E-01

Photochemical ozone 3,03604 1,81E05 5,11E-05 0 0 0 0 (] 0 0 9,686-06 2,256-06 2,14E-06  5,84E-05 0
@ creation (POPC)

kg Ethylene equiv/FU Chemical reactions brought about by the light energy of the sun.

The reaction of nitrogen oxides with hydrocarbons in the p! of sunlight to form ozone is an ple of a photochemical
1,96E-06 1,656-09 1,99E-06 0 0 0 0 0 o 0 1,026-09 1,156-09 8,46E-10  4,22E-08 0

AbiO.ﬁC depletion potential for 3,66E+01 1,73E400 2,29E+00 0 0 0 0 0 0 0 5,11E-01 181601 1,64E-02 1,65E+00 o
@T fossil ressources (ADP-fossil

fuels) - MUFU C ption of bl thereby k ing their availability for future generations.

Shady Attia
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Embodied GHG Emissions

Coupling of Embodied and Operational GHG Emissions Modeling

Product Phase Cons;]r;:;ion Use & Maintenance Phase End-of-Life Phase

Raw material Mariiifactiire Transport to site Use and Repair-and Operational Decanctniction Waste transp_ort Reuse, recovery,

supply and d installati int A energy B haldamolition and processing recycling
transport products and installation maintenance refurbishment e e and disposal potential
A1-A2 A3 Ad-Ad B1-B2 B3-B5 B6-B7 C2-C4 D

[
l

B B g O L O

ool
LI
Oo0y

Qaug

Cradle-to-gate

1 a0
{G:-G\-) ((G:—G\) ((G\HG\) GHG

Whole life cycle emissions gap

Embodied energy & emissions > --------------------- Operation >

Smart Metering

Whole life cycle carbon emissions >

Cradle-to-Cradle

Source: Attia, S. (2025) Net Zero Energy Buildings (NZEB) , Elsevier, 2nd
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Embodied GHG Emissions

Some low carbon solutions

Low carbon solutions Category

Renovate instead of building new

Design for flexibility, resilience and extended lifespan

Design for disassembly

Re-use existing materials in construction

Optimize the use of space in offices, residential buildings

Design based on light construction method instead of massive construction
Use industry by-products instead of cement

Use recycled concrete and other by-products as aggregate for new concrete
Reduce concrete demand through material use optimization in (structural) design
Offsite construction and design for less waste on-site

Use of locally sourced materials and clean transportation

Use timber structures in new construction

Use hybrid (concrete + timber) structures in new construction

Use timber roof elements in standard structure
Use other bio-based materials

Future Technologies for Achieving Net-Zero Carbon Buildings

Circularity principles and
downsizing in the conceptual
design stage

Carbon reduction in material
selection and sourcing

Carbon reduction in material
selection and sourcing — bio-
based materials

Shady Attia
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- - - b LIEGE université
Building Stock Renovation & seo Lab
Evaluate systematic strategies to increase the deep renovation rate before
Implementation to gain time, money and energy.
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Zero Net Carbon Buildings o™
De Tippe Zwolle (F6), The Netherlands
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Zero Net Carbon Tall Buildings @ seotan

HAUT, Arup, Amsterdam, The Netherlands

Jannes Linders
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Zero Net Carbon Buildings py W e

Definition

An ZNC is a grid-
connected, carbon-efficient
building that balances its
total annual carbon
emissions by on-site
generation.

A ZNC building is

a highly energy efficient
building that produces on-
site, or procures, enough
carbon-free renewable
energy to meet building
operations energy
consumption annually.

Source: Attia, S. (2025) Net Zero Energy Buildings (NZEB) , Elsevier, 2nd
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Technology Portfolio in 2050

=
b +¥i CERTIFICAT -:—-
Energy Package: \. A =" Lo
Composition ik St —
_ N 88 Carbon Neutral Buildings
1 PV SOLAR MODULE ; )

AC unit with environmental
Friendly refrigerant

ENERGY

, & PV withincrease efficiency
STORAGE ; g i g

SYSTEM
(ESS)

Belgian Energy Mix:
Current and Future Scenarios

3% 0%

m fuel

M gas

M nuclear

m hydro
wind

m other

De Belgische energiemix van februari 2017 (bron : ELIA)

: ws SBD LAB
Future Technologies for Achieving Net-Zero Carbon Buildings Shady Attia
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Zero Net Carbon Buildings e ne

Electrification + Decarbonization ASHRAE Standard 189.1, 2020

Electrification and efficiency key strategies For achieving zero carbon buildings

|I'I'I|'..)I‘?VE Bullging Lighting Appliances
efficiency [J "7 envelope
Electrify Heating . Renewable
‘ : Cooking
everything & cooling energy
Phase out Y Space Hot :
. & . Cooking
fossil fuels heating iy water
climateactiontracker.org New report: Decarbonising Buildings - Feb 2022

Future Technologies for Achieving Net-Zero Carbon Buildings Shady Attia 37


https://www.iso.org/standard/65601.html

Zero Net Carbon Buildings s
IEQ, Energy Efficiency and RES Balance

Challenge of Finding the Optimal Balance Cooling, Heating and Mixed Energy Demand Balance

Renewable Energy Energy Efficiency
Better More Better More
1000 (EEp  (um) - (um)
59
©
c
©
§ 50%
Worse Less Worse Less ©
2
()
L]
0

Heating Mixed Cooling (25°C)
Dominated Dominated Dominated (20°C)

Attia, S. (2025) Net Zero Energy Buildings (NZEB) , Elsevier, 2nd
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Zero Net Carbon Buildings Vi
Decarbonization of Heating

Indaor Unit

i Solar Panel

REGIMES DE TEMPERATURE

T aller
Radiator )
—Heaute-temperatare 9626—
Hydro Unit — 4 =N
—Moyen-température 70
—Bassetermpératere———559%6—
Tres basse température 30°C

L ' // ™ i - Refrigerant Pipe
Domestic Hot Water / _- w— \Vater Pipe (Supply)
:

\ OutdoorUnit | — - \aterPipe (Return)
Under Floor Heating 8
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Zero Net Carbon Buildings

All Electric with Heat Pumps

Indaor Unit

— Solar Panel

- .;\ : . .

-

Radiator

Hydro Unit

L Domestic Hot Water \

\IML///: ’~.

g &
Indoor Unit \

Attia, S. (2025) Net Zero Energy Buildings (NZEB) , Elsevier, 2nd Under Floor Heating

Future Technologies for Achieving Net-Zero Carbon Buildings

Heat
in

Outdoor Unit

- LIEGE université

SBD Lab

How does a heat pump work?

EVAPORATION —r- COMPRESSION  ——» CONDENSATION

Heat
out
EXPANSION
- Refrigerant Pipe
e \Nater Pipe (Supply)
w— \\ater Pipe (Return)
Shady Attia 40
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Zero Net Carbon Buildings

Worlds largest heat pump to be installed in Helsinki, Finland.

1. Full heating production capacity
ranges from 20-33 MW, depending
on the air temperature,

2. Can help deliver heat up to 90
degrees Celsius (194 Fahrenheit)
while operating at temperatures as
low as -20 degrees Celsius (-4
Fahrenheit).

3. The heat pump will provide heat for
30,000 homes in Helsinki annually,
roughly saving 26,000 tonnes of CO2
emissions.

Source: MAN Energy Solutions
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https://www.man-es.com/company/press-releases/press-details/2024/08/28/man-energy-solutions-to-supply-world-s-largest-air-to-water-heat-pump-for-helsinki-s-district-heating

Zero Net Carbon Buildings  # LG e

v A tube -/ [/
{ A 2.8" drywall screws aluminum heat transfer plate -/
\ 716" oriented strand board
\ \ 3/4" foil-faced polyisocyanurate foam strips
L 172" drywall
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District Heating & Cooling

Evolution of District Heating

distribution and consumption

Future Technologies for Achieving Net-Zero Carbon Buildings

Temperature
level
5-25°C
Energy
efficiency
Commercal
buildings
Data
center
Steam Resdential
storage cooling
Coal, esidential
Waste seating
I
>
1st Generation 2nd Generation 3rd Generation S5th Generation
1880-1930 1930-1980 1980-2010 2010-2020 > 2020
Steam system: Pressurized Pre-insulated pipes Low energy demands Bidirectional:
Steam pipes in hot-water system Industrialized compact Smart energy: Optimum Heating & cooling supply
concrete ducts Heavy equipment substations Interaction of energy sources,  Almost no thermal losses

Uninsulated plastic pipes
Modular expansion

- LIEGE université

SBD Lab

4th Generation:
District heating grid with a
collective source

5th Generation:

Thermal energy directly from
the subsurface
(T5-25°C)

Shady Attia 43



District Heating Grid: 5th Generation

The Neutral Grid: Centralized Heat Pumps
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4th Generation vs. 5th Generation W seoian

4th Generation 5t Generation
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Carbon Neutral Communities SBD Lab
Storage & Scale the Core of Carbon Neutrality

Net Zero NN
Energy

8 Buildings ZNEEC?
2 %3

Carbon
Vehicles

Decanbonised

Grids

P8)oauu0?d

Spug 0JO\WN

Source: Attia, S. (2025) Net Zero Energy Buildings (NZEB) , Elsevier, 2nd

Future Technologies for Achieving Net-Zero Carbon Buildings

CLIMATE CHANGE

el
0 .42 NN\
INFOGRAPHICS 69% A ,\ .
[ n vulp velit esse vel lllum SOLAR RADIATION \ \ \ . ’ ’
feugiat nulla facilisis at vero eros et accumsan et iusto At vero eos et accusamus \ \- ~ 7 "
qui blandit praesent luptatum iusto odio dignissimos du R 4
qui blanditiis praes =
o‘ -
) , -~ 34% 845,000
SEA LEVEL GENETIC
Lorem ipsum dolor DIVERSITY
:;tla;m;l:om lum est notare quam @
psun ra?mda ya litter gothica quam
putam parum qui
seba daram
62% 28%
" POLLUTION TEMPERATURE
d ‘ Typi trathabent Lorem ipsum dolor sit
clarita insitam usus consectetuer adipiscing
‘ d legen dolor amet da mara quam nunc putam parum
4 2,330,000 47%
( 4 VEGETATION GLACIERS g
Mirum est notare quam lit sadu Dolore magnam aliquam
ica quam nunc putam luptatem enim ad veniam, quis
iusto odio dignissimos consectetuer adipiscing
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Carbon Neutral Communities

b LIEGE université
SBD Lab
Storage & Scale the Core of Carbon Neutrality
| 6‘)\, capac'tyf@fso Q/o_
& %
S &

Avoid

e.g. make best use of existing building stock

it
0‘\“ (/'
¢ %
N ©
o s
L/ 2
= 2
S a
s - 2
g Improve Shift s
= o TECH- . :
S e.g. optimise design, e.g. use of circular, low &
% construction and Build carbon or biobased
% production practices materials N
o o
% \Q mgm
. ek Resilience
9,092
s
Source: Le Den, X. et al. (2023). Towards an EU roadmap for reduction of whole life carbon in buildings. Brussels, Belgium.
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Energy Storage Systems % S8 Lab

The Core of Carbon Neutrality

Thermal Mass

N\ s\\‘ ’/

Floor O ] Fuel Cells

Heating/Cooling
Systems

Buildings
Storage
Systems

Batteries

PCM TAI_BS Thermally
Activated Beams

Future Technologies for Achieving Net-Zero Carbon Buildings

Mixed Use Districts

District
Storage

Geothermal Energy Micro Hydro Power
Storage for Storage
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Zero Net Carbon Buildings

Plug-Iin Battery

2 kWh and 5 kWh cover all households equipments and appliances

Source: https://www.homewizard.com/

Future Technologies for Achieving Net-Zero Carbon Buildings

Shady Attia
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SBD Lab
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Zero Net Carbon Buildings

Regulations on Refrigerants

1. EU Directive introduced in 2006 on the direct impact of
air conditioning systems

2. February 2024: EU set a steeper schedule for phasing
down fluorinated gases

3. Prohibition of product categories: Chillers, Heat
Pumps and Split Air Conditioning systems

Split Air-to-Water @
X <= 12 kW at 150 GWP wd 1st January 2027
X <= 12 kW full F Gas prohibition 3 1st January 2035
X > 12 kKW at 750 GWP wp 1st January 2029
X > 12 kW at 150 GWP =)  1stJanuary 2033

Future Technologies for Achieving Net-Zero Carbon Buildings

Time period

O

2021 - 2023

2024 - 2026

2027 - 2029

2030

2048

b LIEGE université

SBD Lab

ISO 817

Updated EU phase

down adopted in
February 2024

23.6%

10.1%

9%

2.38%

Shady Attia 50
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Zero Net Carbon Buildings N o™

New refrigerants - new rules

revgerant - owe
ISO 817; PED (EV)

R718 (Water) 0 A1 (non-flammable)
R744 (COZ) 1 A1 (non-flammable)
R290 (Propane) 3 A3 (higher flammability)
R1234yf 4 A2L (mildly flammable)
R1234ze 7 A2L (mildly flammable)
R454Db 466 A2L (mildly flammable)
R513A 631 A1 (non-flammable)
R32 675 A2L (mildly flammable)
R410A 2088 A1 (non-flammable)

Future Technologies for Achieving Net-Zero Carbon Buildings

ISO 817
Future influences:

* Achieving low-carbon buildings

« Growth of hydronic technologies and low
GWHP- refrigerants

« Advanced control and monitoring systems

« Retrofit balance

« Balance what’s possible and what’s
practical

Shady Attia 51
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Zero Net Carbon Buildings QL seo Lo

Smart Meters & Grid Mix Emission Factors 1ISO 52000-3:2023
* Net-Zero Energy # Net-Zero Carbon * Annual operational emissions calculations based
« Belgium has a 15 min — grid mix factor on dynamic factors and export/import fluctuations

EMISSION FACTOR [g/kWh]
MONTH

i ®
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,_,v_.?
\M' Vension 01 | 20190123 | Made in Tamwan
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,.Mu.fy-"

1W0meAwe  Property of Hortzon Energy Infra Ltd

ﬁ EDM“
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AU 0
N 21E5084279
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Zero Net Carbon Buildings L seotan

Converting the primary energy use intensity to GHG emissions

Measuring Enziqy

g W ISO 52000-1:2021

. i {‘,7'___1-4_ =
; : - /,/ i ]‘l_'_ 1
Transmission, Delivery || A b e

and Production Losses

Gross Source
Building p® Ercray Use

Intensity
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Carbon Neutral Communities ™

From Single Building to Community




LIEGE université

Carbon Neutral Communities @ seoiab
From Single Building to Community

Power Plants _
=== Price Signals \e

Two-Way Data //‘ ; s |
Two-way sensor and R ——h ; "

control communication
Rooftop PV + Inverter

Heat Pump HV AC System
Green Roof

1. Either average or marginal grid mix scenarios
are typically adopted -
2. Environmental data sources are usually based
on averages:
» Real-time Generation Mix Data *-’fff::_/;ﬁfﬁiigf.f:ftri‘,’,stem
Carbon Intensity of Each Source
Power Demand and Grid Load
External Data Sources
Emissions Factor Calculation
Updating the Signals through smart grids

Dynamic Glass Windows
Connected LED Lighting
Occupancy Sensing

Thermal Mass

Battery Storage

EV Vehicle-To-Grid Charging

Source: NREL. WORLD RESOURCES INSTITUTE

Source: https://trellis.net/article/health-economic-and-community-benefits-zero-carbon-buildings/
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The transition towards
zero-emission buildings

BB  TRANSITION " FUTURE

2021 2030 2050
nearly Zero-Energy nearly Zero Emission zero-emission built
low renovation rates massive deep renovation environment

Figure 1a: Trias Energetica (Duijvestein, 2010) Figure 1a: Trias Materia (Duijvestein, 2010)
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The transition towards
Zero-emission buildings
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Figure 3 Development of WLC emissions in
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Le Den, X. et al. (2023). Towards an EU roadmap for reduction of whole life carbon in buildings. Brussels, Belgium.
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Framework for Building Modelling SBD Lab

For Zero Carbon Buildings

Paris-goal-compatible assessment method

» evaluate the assessment methods proposed or required by current climate
olicies, aiming to check their compatibility with meeting the science-based carbon

argets and budgets

Framework to Model
Building Carbon Emissions

Shady Attia, Steff
o, Ha

e Gobbo, Aurora Bertini
Maxime Dass our, Muheeb Al-Obaidy,

&

2% A

\\ "'
[ 2 ]
ey~

RENOWAVE Project, Building Carbon Emissions Modeling Taskforce
ISBN: 978-2-930909-24-0 Version 04, June 2024

Attia, S., Petersen, S., Hoxha, E., Gobbo, E., Bertinit, A., Dasse, M., et al. (2024) Framework to
Model Building Carbon Emissions, Report, Sustainable Building Design Lab, Liege University,
Liege, Belgium. DOI: 10.13140/RG.2.2.15338.73925/3

Future Technologies for Achieving Net-Zero Carbon Buildings
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Category Embedied carbon reduction solution

- Optimize/reduce the use of space in offices and
Avoid } - T
residential buildings
Avoid !.lse existing assel.s t.hal are currently unused
instead of new buildings.

Avoid Renovate instead of build new

What should be focused on: eoovove Dol o adaiabity, esience and sxended
> Adopt the new indicators of GWP and Module A-B-C + (D) eorove oo o e

» Get experienced with carbon numbers through EPDs (databases) tmprova D0 based o light construction methods instead

of massive construction

» Use consistent methodology and software mprove s e e emer

Zero Carbon Emissions Buildings Ingredients: :""’"'" "”":“st"’

> Red u Ced b u i I d i n g area Shift Re-use existing building components and materials
> M I n I m IZed Car parkl ng Shift Use industry by-products instead of clinker in

cement

> High-Performance envelope B
> Electric heating & cooling W e
> Biogenic materials S —

> 40% window-to-wall ratio ot et et s

» Plug-in batteries St Usrecycad simelin ses prodvetin

> SOlar PV On rOOf and facades Shift Use recycled glass in glass production

Shift Use renewable energy in cement production

Hybrid (concrete + timber) structures in new

Shift
construction

Use renewable energy in steel production and other

Shift
metals

Shift Use renewable energy in glass production

Directions:
Begin by setting a decarbonization performance goal and limit for your project. Start by mixing the smallest building area with
the minimal parking. Next, add a high-performance building envelope alongside an electric heating and cooling system. Add a
pinch of solar PV and a large scoop of biogenic materials and run the energy and life cycle impact assessment simulations.

sBuIpjINg Ul UOQJed 3j1] 3|OYM JO UONINPal 1oy dewpeos N ue spremo] (£202) ‘e 18 "X ‘uag a7
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Questions?
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