The Sixth International Conference on
Efficient Building Design

Materials and HVAC Equipment
Technologies

Pathways and Solutions towards
Net-Zero Whole-Life Carbon Buildings by 2050

Beirut, Lebanon
| October 4, 2024

Prof. Dr. Shady Attia

i‘ Sustainable Building Design Lab, UEE, m fin/shady-attia-14352a7 ’ LIEGE unlver5|te

ML D

Applied Sciences, University of Liege, Belgium i
shady.attia@uliege.be €@ /www.shadyattia.org

Pathways and Solutions towards Net-Zero Whole-Life Carbon Buildings by 2050 Shady Attia



Acknowledgment e 6 & 0O

uuuuuuuuuuuuuu
nnnnnnnnnnnnnnnnnnnn

. O . .
Beirut 04/10/2024 @ To realise these gains
‘ ° the industry needs to work together

‘ G L D B E Global consensus g

Prof. Dr. Nesreen Ghaddar on sustainability in the uiIt environment ,l'j T

* High level policy advice

* More than 150 nations

* 5000+ experts

PATH To FRAMING THE CHALLENGE

* 50+ years of expert networks

z E Ro iUNDAMENTALS * Standards and guidelines
CARBON EXPLORING CARBON * Research and education

* Innovation www.globe-consensus.com | #

See on-line presentation from COP28 for more details

AMERICAN : '
UNIVERSITY ASHRAE Shaping Tomorrow's ASHHAE Lehanese
Built Environment Today Dhﬂﬂtﬁf

ofF BEIRUT

Pathways and Solutions towards Net-Zero Whole-Life Carbon Buildings by 2050 Shady Attia 2



/1177 i 7/ e e e =
Frres
NS LIECE // e
université /// o
';' | lI-‘ .‘; :;" ."‘I '.": ’,.-"‘ :.* / ‘ / besd) l’( 77



b LIEGE université

Climate Disruptions in MENA Q seoLab

* Floods

» Sea Level Rise

* Wind Storms

» Heat Waves

* Fires

» Power outages

« Earthquakes

» Water Shortages
* Air Pollution

« Pandemics

» 2024 Dubai
« 2023 Darna
« 2021 Beirut
« 2019 Chouf
« 2018 Jeddah
» 2016 Kuwait

Source: Aerial view of Derna, Libya, on September 10-11, 2023. AYMAN AL-SAHILI/ REUTERS
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Global Climate Change v

Paris Agreement 2015 Targets Compatibility
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Carbon Neutral Communities @ seo b
Storage & Scale the Core of Carbon Neutrality

4
Net Zero KN

&)
S Energy %
3 Buildings RN
3 uildings ZANEEERCY
s S (-3
Carbon Decarbonised

Vehicles Grids
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Spugy 010\WN
Source: Attia, S. (2025) Net Zero Energy Buildings (NZEB) , Elsevier, 2nd
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What cause climate change? & seo b

No greenhouse gases

visible
> infra-red

Sun

reflected
sunlight
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What cause climate change?

With greenhouse gases

reflected
sunlight

~ visible
wp infra-red
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SBD Lab

-to-hong-kong

teforum.org/en/climate-change-and-its-impacts

https://hklaurea



What cause climate change?

4 m—

0—0-0

symmetrical stretching

- e @ -

000

asymmetrical stretching
I bending I

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 natural
oil, natural gas, and deforestation gas. It traps the heat.
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What cause climate change?

& 7 LIEGE université
U SBD Lab

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,0 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
Pathways and Solutions towards Net-Zero Whole-Life Carbon Buildings by 2050 Shady Attia
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Climate change indicator?

E

Enerodse Intensity 1 molecule of
k\yMTm 2ly

GWP

kgCO, o/m?/year

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

Measuring Enargy

ISO 52000-1:2021

NV ‘
-'--- Lighting
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@-» Equipement
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il EUl
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s | | Net-Zero
@" Heating Gross Site Renewables My
Building Ercray Use
% Hot Water o Intensity GHG
GHG Emissions Emissions
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Why Whole-Life Carbon Buildings
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‘Embodied’ and ‘operational’ impacts

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

82% GHG emissions
P 4 (IPCC/UNEP, 2022)

Life cycle phases of buildings

Source: https://www.smartlivinglab.ch/en/infrastructures/smart-living-building/
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https://www.smartlivinglab.ch/en/infrastructures/smart-living-building/

Reducing ‘embodied’ impacts

USE OF BIO-BASED MATERIALS —

o

B= =

Pt
/A

.
DEMOLITION el oy y
AND COLLECTION o ¢

USE OF CIRCULAR
MATERIALS AND STRATEGIES

(INCLUDING RENOVATION)

Life cycle phases of buildings

Source: https://www.smartlivinglab.ch/en/infrastructures/smart-living-building/

Pathways and Solutions towards Net-Zero Whole-Life Carbon Buildings by 2050

PREFABRICATION AND LEAN
PRODUCTION

Shady Attia
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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
o e
- )
o5 T L3 pay, =~
Time b ®
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

a0 | az L LaaTas ot

Cradle to gateh
Cradle to site
Cradle to handover
Cradle to end of use
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 | e
Resources efficiency | R T
(E;HG mbodiel mbodie mbodi perational mbodief mbodie
i 99
4. Market Transformat_lon A SE O R O
acce I e rate th e ad O ptl O n Of g ree 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 mar;\::als to factory piraocgﬁrcis to site D?E:{:g nance ment bishment Use Use t;i:d:::\eg m:'is'ti:ls Recovery
5. Holistic Environmental Impact: SR
: Figure 1: Lifecycle stages of building carbon. Data source: BS EN 15978:2011
Circu l ar econ Omy Source: Bowles, Cheslak, and Edelson 2022

Pathways and Solutions towards Net-Zero Whole-Life Carbon Buildings by 2050 Shady Attia 17



Net-Zero Whole-Life Carbon Buildings
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EU Carbon Neurality 2050

2050

e Yo *-

12030

|

EPBD :

ﬁE; RECAST: |
' ~ 5 ]

® @
2021 2023 2025

>
:
| 1
1 [
. . . | |
1. All-electric buildings 4 et | ' |
— Renovation By 2025 all new : :
NEW Passfporlt' (AREd EPBD buildings are ] :
A to facilitate - |
2. Low carbon buildings CONSTRUCTIONS | jow.carbon RECAST: =% vl :ysfg-g e
renovations Introduce Sidasicn wl:m ol :-ll??eare :
progressive buildings zero emission :
. . . EPBD tightening : e )
3. Decarbonization of heating & RECAST: hresholdezo By 2025new  buildings :
coolin g Defining net zero whole- buildings to Deep |
‘zero operatlonal life carbon nfeasure and renovations :
emissions’ disclose are whole- !
L : EXISTING and whole-life life zero '
4. Decarbonization of Energy Mix BUILDINGS ‘whole-life zero carbon data emission i
emissions’ : ' : '
All public : : :
A . buildings carry : : 2040 :
5. Low carbon building services EPBD  outaLCAlinked i . i .
RECAST: to a BRP ! : MEPS !
Introduce REMIOLE
Minimum Energy 2028 2035 2045
Performance 157 2ND 4™
Standards (MEPS) THRESHOLD A0 THRESHOLD THRESHOLD
to improve
worst-perfoming 7
buildings
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Why whole life cycle carbon?

Denmark

regulation year: 2023

all new buildings > 1000 m,

system boundary: A1-A3, B4, B6, C3-C4
lifespan: 50 years

from 2025: max. 7,1 kg CO,_.,/m,/ year
1,5kg CO,_,/m,/ year: Ad-A5

France

regulation year: 2022

all new buildings >50 m,

system boundary: A1-A5

lifespan: 50 years

from 2022: max. 640-980 kg CO,_., /m,,
depending on building typology

The Nederlands (mitieuPrestatie Gebouw)

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

WLC regulation for all/non-residential buildings planned

LCA reguirement for public buildings implemented/ agreed

regulation year: 2017

all new buildings > 100 m,
system boundary: A1-A5
lifespan: 75 years (residential)
from 2021: 0.8

(DGBC max. 200-260 CO,_..,/m, GFA)

2-eq

Sweden

regulation year: 2022

all new buildings > 1000 m,
(single-family houses excl.)
system boundary: A1-A5
lifespan: 50 years

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

Pathways and Solutions towards Net-Zero Whole-Life Carbon Buildings by 2050

Shady Attia

Attia, S., et al. (2021)
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https://www.sm.dk/nyheder/nyhedsarkiv/2024/maj/nye-byggerier-skal-vaere-markant-mere-groenne
https://www.ecologie.gouv.fr/reglementation-environnementale-re2020#:~:text=En%202020%2C%20la%20France%20passe,ensemble%20de%20la%20construction%20neuve.
https://www.rvo.nl/onderwerpen/wetten-en-regels-gebouwen/milieuprestatie-gebouwen-mpg
file:///C:/Users/u0144863/Downloads/Paris%20Proof%20Embodied%20Carbon%20Calculation%20protocol_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

Embodied Emissions

Operational Emissions

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

LCA reguirement for public buildings implemented/ agreed

Negative Emissions
STAGE

V BEYOND
THE
LIFECY-
PRODUCT ! 'MAINT SE | END OF LIFE
Embodied Embodied Embodied
GHG

CLE
- Operational Embodied Embodied
==
Emissions
: ) - " L 3K )
B A S0 O &“ e
Time Y BaEALLlY B = & ®
Extract Transport Manu- Transport Con- Use Mainte- Repair Replace- Refur- Energy Water Demol- Haul away Recycling Disposal Reuse/
raw tofactory facture tosite struct nance ment bishment Use Use ish the waste
materials products the
building

Recovery
building materials
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

Pathways and Solutions towards Net-Zero Whole-Life Carbon Buildings by 2050

Shady Attia

Attia, S., et al. (2021)
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GHG Emissions 0 560 tab
Embodied and Operational Emissions I I

Formulare 8 x

+ 2023, Operational emissions:

4 kgCOZ2.equiv. per m2  for new
residential buildings

+ 2023, Embodied emissions (Office)

Ergebnis erzeugen

JAlle

Modelle | Gebaude
I ID_ Test IFC.ifc | Gebaudename

LCA-Datenbank | Oekobaudat_2021-I v

Beriicksichtigung . ; . i

Baukonstruktion Material-Datensatze & Bauteil-Datensatze 24 kgCOZ.EQUlV per m2
Berucksichtigung TGA ® Onhne O Vereinfacht O Volistandig

Gespeicherte Betriebsbilanz | v - -

| 21005 i

Ergebnis laden und speichemn

+ 2025 Operational + Embodied
emissions:

Ergebnis speichemn \Variante 2 | Ergebnis speichern
Ergebnis wahlen Variante 2 v| Ergebnis loschen 7,1 kg co2. equ V. per m 2 for new
| Ergebnis anzeigen | 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
- -
] = '
: 8 |
5 6.6 12 16.8 19

[kg COp-Aqv. pro m? und Jahr]

Source: DGNB, Sebastian Theil3en, BIM-based emissions modeling
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Corporate ESG strategies

SCOPES OF EMISSIONS

SF¢ CHy N2O HFCs PCFs NFj3

1. Tenants demanding low-carbon
spaces

2. Office buildings reflect corporate
carbon commitments

SCOPE1 SCOPE 2 SCOPE 3

3. Market is seeing rents for these DIRECT INDIRECT INDIRECT
. EMISSIONS FROM | EMISSIONS FROM | EMISSIONS OF THE CHAIN
S p aces rise d ue to d eman d SOURCES (ON SITE) = ENERGY/ UTILITIES SUPPLY OR SERVICE

Pathways and Solutions towards Net-Zero Whole-Life Carbon Buildings by 2050 Shady Attia 23



Embodied GHG Emissions

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

choose impact category
Global Warming Potential (GWP)

i sheet

choose unit

fiiter by material group
no fiter

fiter and sort by “functional unit”

ccording to declared un
a 9 i2

Reofpanel (i)

5! 22923 .
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Materials Embodied Energy Content

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

g mining, pr

Red Brick
sold

Clay Block

Concrete 500

Autoclaved aerated
concrete
(Cellular Concrete)

: [
a 400
\
= [
hy 400
Sand Lime Brick - ) _ KWhim3
1

R

e

Sand Lime Brick
perforated

|
Cement Mortar
N
|
180
Wood Untreated KWh/m3

Straw Bales &
Loam

350
KWh/m3

300
KWh/m3

The length of the bars is proportional.

Pathways and Solutions towards Net-Zero Whole-Life Carbon Buildings by 2050

KWh/m3

and delivery at construction site

1850
KWh/m?®

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?
8.

Is the product ready for disassembly?

o

8

Can the product be recycled?

o

Shady Attia 24



Embodied GHG Emissions

Categories of carbon negative materials

=

Timber StraWA Cork

Biochar Captured carbon Biomineralization
(Low carbon
aggregates)

Pathways and Solutions towards Net-Zero Whole-Life Carbon Buildings by 2050

Shady Attia
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Embodied GHG Emissions

Coupling of Embodied and Operational GHG Emissions Modeling

Construction .
Product Phase Use & Maintenance Phase

Raw material

Iv and Manufacture Transport to site Use and Repair and
Supply-an products and installation maintenance refurbishment
transport
A1 -A2 A3 A4-A5 B1-B2 B3-BS
: 00 oo
S
!!h i

Cradle-to-gate

1

5 = = Whole life cycle emissions gap
Embodied energy & emissions >

End-of-Life Phase

Operational Deconsiniction Waste transp_ort Reuse, recovery,
energy and damolition and processing recycling
and water and disposal potential
B6-B7 C2-C4 D

C1

7 . (2
) S W
Smart Metering

Operation > ¢

Whole life cycle carbon emissions

Circularity gap

>..............

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

11
12
13
14

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

Pathways and Solutions towards Net-Zero Whole-Life Carbon Buildings by 2050

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.

Pathways and Solutions towards Net-Zero Whole-Life Carbon Buildings by 2050 Shady Attia 28



Zero Net Carbon Buildings

De Tippe Zwolle (F6), The Netherlands

a ,,”’”//,//
( 000y l//////

Pathways and Solutions towards Net-Zero Whole-Life Carbon Buildings by 2050

Shady Attia
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Zero Net Carbon Buildings Brnione

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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Zero Net Carbon Buildings Useotan ™

Electrification + Decarbonization ASHRAE Standard 189.1, 2020

Electrification and efficiency key strategies For achieving zero carbon buildings

Improve >~ Building

e, ] | Lightin Appliances
efficiency |l = envelope JHHng PP
Electrify Heating . Renewable

: : Cooking
everything & cooling energy
Phase out A Space Hot :
. & . Cooking
fFossil fuels heating iy water
climateactiontracker.org New report: Decarbonising Buildings - Feb 2022

Pathways and Solutions towards Net-Zero Whole-Life Carbon Buildings by 2050 Shady Attia 32



Zero Net Carbon Buildings Mt
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
oo (D () ()
é M Heating
e T N a3
| o=
@®
5 50%
Worse Less Worse Less ©
3 | e B 00
[0}
D
0

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

Attia, S. (2035) Net Zero Energy Buildings (NZEB) , Elsevier, 2nd
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Zero Net Carbon Buildings i
Decarbonization of Heating

Indaor Unit

Solar Panel

REGIMES DE TEMPERATURE

T aller
Radiator ]
—Hautetempératare 9626—
Hydro Unit —_ z —ZNoN
—hMoyern-temperatare ACES
—Bassetempérature———B559%—
Tres basse température 30°C
/ - Refrigerant Pipe

w— \Nater Pipe (Supply)

m— \Vater Pipe (Return)

Outdoor Unit
Under Floor Heating
Attia, S. (2035) Net Zero Energy Buildings (NZEB) , Elsevier, 2nd
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LIEGE université

Zero Net Carbon Buildings L S5b Lab
All Electric with Heat Pumps

Indoor Unit — Solar Panel

How does a heat pump work?

EVAPORATION —r- COMPRESSION  ——» CONDENSATION

Heat Heat
in out

Radiator

' ‘ E ;.. ’ V - - -~
- ‘t s | B / <

Hydro Unit

EXPANSION

L Domestic Hot Water \

Indoor Unit

- Refrigerant Pipe

e \Nater Pipe (Supply)

\ OutdoorUnit |~ WaterPipe (Return)

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

Pathways and Solutions towards Net-Zero Whole-Life Carbon Buildings by 2050 Shady Attia 36


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

b LIEGE université

b SBD Lab

Industrial heat pumps are reaching ever-higher temperatures

280
250 </
230 <
212 <]
200 1
188 <

120 ]

Max. heat supply temperature (°C)

L ] Spilling
[ ]
[ ] Qpinch Eneen
Piller [ ]
[ ] Olvondo
[ JTurboden
1 ToCircle
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[ ] SPH
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Siemens Energy
[ ]

C_———_1Enertime
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C——————IMAN
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] Mitsubishi Heavy Ind.
[ ] Hybrid Energy
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Industrial heat pumps can supply
heat with more than 200C now.
Most of the heat pumps in the upper
range are steam compressors,
compressing steam generated by a
bottom-cycle closed-loop heat

pump.

Source: Industrial electrification report Rosenow
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District Heating & Cooling

Evolution of District Heating

A I |
Temperature | |
level | |
| 1
1 |
I |
I I
| |
<45-70°C I
5-25°C
Energy
efficiency :
!
I
I
i
! Commercal
buildings
Data
center
Steam Residential
storage cooling
Coal, esidential
waste seating
>
1st Generation 2nd Generation 3rd Generation 4th 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

distribution and consumption

Pathways and Solutions towards Net-Zero Whole-Life Carbon Buildings by 2050

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
(T -25°C)
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District Heating Grid: 5th Generation

The Neutral Grid: Centralized Heat Pumps

Pathways and Solutions towards Net-Zero Whole-Life Carbon Buildings by 2050 Shady Attia
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4th Generation vs. 5th Generation W seoian

4th Generation 5t Generation

EN EN__NE EN
16°C 8°C A .@{
<428 el
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Carbon Neutral Communities SBD Lab
Storage & Scale the Core of Carbon Neutrality

Net Zero NN
Energy

& Buildings AACYEEE-)
? v 3

Carbon
Vehicles

Decanbonised

Grids

P8)oauu0?d

Splgy 01N

Source: Attia, S. (2018) Net Zero Energy Buildings (NZEB) , Elsevier, 2nd
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Energy Storage Systems

The Core of Carbon Neutrality

Thermal Mass

AN |/ /
M, N Fuel Cells

TS TSR Y T
—————acwW -

Floor Heating Systems

Buildings
Storage
Systems

Batteries

TABs Thermally
Activated Beams

PCM
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SBD Lab

Mixed Use Districts

Geothermal Energy
Storage

Storage

District

Micro Hydro Power
for Storage

Shady Attia
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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/

Pathways and Solutions towards Net-Zero Whole-Life Carbon Buildings by 2050

Shady Attia
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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 1st January 2027

X <= 12 kW full F Gas prohibition 1st January 2035

X >12 kW at 750 GWP 1st January 2029

$4 3 33

X>12 kW at 150 GWP 1st January 2033

Pathways and Solutions towards Net-Zero Whole-Life Carbon Buildings by 2050

Time period

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%
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Zero Net Carbon Buildings L 5o lab
Modern refrigerants — new characteristics 1ISO 817

« Efficiency remains the same

« Capacity increases

« Technology only available for small inverter-driven compressors

« Specified due to availability of small DX compressors using inverters to
manage higher discharge temperature

R32 (GWP 675)

Used in industrial refrigeration for many years, known domestically in use for
outdoor heaters and cookers

« Low GWP

* Non-toxic

 Good thermodynamic properties, making it highly energy efficient in systems
 Flammable

R290 — Propane (GWP 3)

R410A (GW 2088) « Good energy efficiency
« Higher cooling capacity
« Superior heat transfer coefficient which allows for better heat exchange
» Higher operating pressures which should be reflected in system design —
correctly sized components are essential to optimize energy efficiency.
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Zero Net Carbon Buildings @ seoiab

GHG emissions generated by refrigerant leakage

GHG Operation=2in ik Wn, k- (GHGk + GHGup,k ) +In:r Gnr-tn-wr-a+In Zj Mn,j - GHG up, j

where GHGOperation: the GHG equ. Emissions during the operation stage in kgCO2;

Wn, k: The amount of energy k consumed by the operation of the HVAC type of equipment (pipeline);
Gn, r: The amount of type r refrigerant charged by type n equipment, kg;

tn: Operating year of the HVAC device, year;

wr: GWP value of the r refrigerant;

a: Annual leakage rate of refrigerant;

Mn, j: The amount of type j material consumed to maintain type n equipment (piping), kg;

Source: Attia, S., Petersen, S., Hoxha, E., Gobbo, E., Bertini, A., Dasse, M., Abu-Ghaida, H., Heiranipou, M., Al-Obaidy, M., Norouziasa, A., & Stephan, A. (2024). Framework to Model
Building Carbon Emissions. (Version 5). Liege, Belgium: Sustainable Building Design Lab, Liege, Belgium, doi:10.13140/RG.2.2.15338.73925/4
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Zero Net Carbon Buildings

New refrigerants - new rules

Refrigerant

R718 (Water)
R744 (CO2)
R290 (Propane)
R1234yf
R1234ze

R454b

R513A

R32

R410A

GWP

NP,h,WE=LO

466
631
675
2088

Safety class
ISO 817; PED (EV)

A1 (non-flammable)
A1 (non-flammable)
A3 (higher flammability)
A2L (mildly flammabile)
A2L (mildly flammable)
A2L (mildly flammable)
A1 (non-flammable)
A2L (mildly flammabile)

A1 (non-flammable)

Pathways and Solutions towards Net-Zero Whole-Life Carbon Buildings by 2050
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v SBD Lab

ISO 817

Future influences:

Achieving low-carbon buildings

Growth of hydronic technologies and low
GWP- refrigerants

Advanced control and monitoring systems
Retrofit balance

Balance what’s possible and what’s practical
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Zero Net Carbon Buildings L S5b Lab

Smart Meters & Grid Mix Emission Factors ISO 52000-3:2023
* Net-Zero Energy # Net-Zero Carbon * Annual operational emissions qalculations baged
« Belgium has a 15 min — grid mix factor on dynamic factors and export/import fluctuations
T © _ T
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Zero Net Carbon Buildings L seotan

Converting the primary energy use intensity to GHG emissions

Measuring Epzqy

g W 1SO 52000-1:2021

and Production Losses

. S IR =
; : - /,/ i ]‘l_'_ 1
Transmission, Delivery /| A} r— =

Gross Source

Building p® Ercray Use
Area Intensity

GHG
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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

Two-Way Data

Two-way sensor and

control communication
Rooftop PV + Inverter

Heat Pump HV AC System
Green Roof

1. Either average or marginal grid mix scenarios
Smart Meter

are typically adopted .

2. Environmental data sources are usually

Dynamic Glass Windows
Connected LED Lighting
Occupancy Sensing

based on averages:

* Real-time Generation Mix Data <7 7 Building Energy

Management System

Thermal Mass

Carbon Intensity of Each Source:

Source: NREL. WORLD RESOURCES INSTITUTE

Battery Storage

Power Demand and Grid Load:

External Data Sources:

EV Vehicle-To-Grid Charging

Emissions Factor Calculation:
Updating the Signals through smart grids

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

BEEESED  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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Framework for Building Modelling 5 SBD Lab
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Conclusion

What should be focused on:

» Adopt the new indicators of GWP and Module A-B-C + (D)

» Get experienced with carbon numbers through EPDs (databases)
» Use consistent methodology and software

Zero Carbon Emissions Buildings Ingredients:
> Reduced building area

> Minimized car parking

> High-Performance envelope

> Electric heating & cooling

> Biogenic materials

> 40% window-to-wall ratio

> Plug-in batteries

> Solar PV on roof and facades

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.

Pathways and Solutions towards Net-Zero Whole-Life Carbon Buildings by 2050 Shady Attia
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Questions?

Pathways and Solutions towards Net-Zero Whole-Life Carbon Buildings by 2050
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