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Building Carbon Emissions Modeling Framework

® @ To realise these gains
. ° the industry needs to work together

@ (| OBE Giobal consensus

on sustainability in the built environment

* High level policy advice |’ g
EXECUTION &
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® 5000+ experts (@'@ nvironmentol
* 50+ years of expert networks @y

* Standards and guidelines \H

* Research and education

« Innovation www.globe-consensus.com

= See on-line presentation from COP28 for more details
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Building Carbon Emissions Modeling Framework

Objective 1. Define a common performance-based simulation framework for a multi-scale (from a single building to
whole building stocks), multi-sectoral (i.e. lifecycle-based), and multi-stakeholder approach to decarbonizing the

building and real estate sector.
Objective 2: Publish the (Liege-Aarhus) framework by June 2024

Objective 3: Define a common benchmark
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Case study



Step 1 — Modelling Approach: Bottom Up | Top Down

(1A) Climate change scenarios (Bottom Up)

(1B) Greenhouse Gas Emissions Budget (Top Down)

* Approach : Baseline & Improved Design

* Identify benchmarks for later comparison

* Metric recommended : GWP (IPCC)
» Paris compatible boundary : ~500GT CO2eq/y
» ldentify a GHG emissions budget for buildings

Climate Change Scenarios recommended:
IPCCRCP 4.5 &
(5" & 6™ IPCC AR, 2021)

Timescale:
2030, 2050, 2100

Sourcesof benchmarks recommended:
National/Continental
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Sourcesof GHG emissions budget for buildings recommended :
No commonlyagreed budgetyet.
Steffen & Foliente are each workingon it.




Step 2 - Climate & Location

l

(2) Weather data

Urban heat island effect excluded

|

\ 4

Urban heat island effect included

!

(2.2) City selection

Singapore (0A)
Abu Dhabi (0B)
Lagos (1A)

Guayaquil (14)
MNew Delhi (1B)

Sao Paulo (2A)
Cairo (2B)
Barcelona (3A)
Rome (34)
Buenos Alres (3A)

Source of weather datarecommended :

Meteonorm

Weather files chosen:
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Il UCLouvain

Busan (3A)
Tehran (3B6)

Los Angeles (3B)
Santiago (3C)
Paris (4A)
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London (4A)
Gent (4A)
Brussels (4A)
Xian (4B)
Vancouver (4C)

Toronto (9A)
Copenhagen (9A)
Vienna (5A)
Montreal (6A)
Stockholm {BA)




Weather data sources

’ Meteonorm Make your own weather file
Meteorological database E.g., Belgium: Use of the Regional Atmospheric Model (MAR)
Periods covered: Historic, Contemporary, Future (up to 2100) modelto downscale a global modelto get weather outputs at a
Scenarios implemented: RCP 2.6, 4.5, 8.5 finer spatial and temporal resolution

MAR Model
Input Simulation Atmosphere
= Mesoscale dynamics
Reanalysis .
ar ” Radiation MAR OQOutputs
Global Climate Model Clouds and Precipitation (2D or3D)
(GCM, ESM, ... ) Boundary layer
- Temperature,
Precipitation,
Pressure,
Input Static Data Humidity,
P Land/Ocean Surface Solar radiation, etc.
Topograghy, ‘
Landuse, Ccean fluxes
Type of Vegetation, etc. Vegetation and Soils

Snow and Sea ice

Doutreloup, S., Fettweis, X, Rahif, R., Elnagar, E., Pourkiaei, M. S., Amaripadath, D., and
Attia, S.: Historical and future weather data for dynamic building simulations in Belgium
using the regional climate model MAR: typical and extreme meteorological year and
heatwaves, Earth Syst. Sci. Data, 14, 3039-3051, https://doi.org/10.5194/essd-14-3039-
2022, 2022.
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Step 3 — Building Characterisation

(3.1) Function & Occupancy Schedule

Office, landscaped | Schools and classrooms Department store Residential, apartment, retired
Office, single Day-care, kindergarten = Restaurant Residential, apartment
Meeting room Residential, detached house

Sourcesof occupancy schedulesrecommended:
ASHRAE 189 & ISO 17772

(3.2) Geometry

- ¥

Shoe box Qeal building>

Residential (multi-zone) BESTEST 600 (single-zone)
I |

]
(3.3) Structure & Finishes
Structure: Finishes:
« Light « Walls

e Medium <+ Floors
* Heavy * Roof
W HESE Ao b, MUCLouvain . Facade




Step 3 - Building Characterisation

(3.2) Geometry

Shoe box

—

A

Residential (multi-zone)

BESTEST 600 (single-zone)

a.50

200

220

S L]
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Recommendations:

Models based on archetypes
Dimensions as a function of the surface
Single zone x multi zone

Adjacencies and orientations: worst case
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Step 3 — Building Characterisation

(3.3) Structure & Finishes
Structure: Finishes:
* Light  Walls
* Medium -+ Floors
* Heavy * Roof

 Facade
Materials Quantity
Plasterboard 1000kg
Glass 150kg
Glasswool 175kg
Structural timber 3m3
Wood cladding 9.6m?
Timberflooring 48m?2

WHESE Ao i, WUCLouvain

Materials
Plasterboard
Glass
Glasswool
Structural timber
Wood cladding
Timberflooring

Quantity
1000kg
150kg
625kg
3m3
9.6m2
48m?2
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Step 4 — Building Envelope

Poor (E,F,G)

Low Energy (C,D)

Passive House (A,B)

¥

\ 4

Y

(4) Performance Level Selection

Climatic zones :
e Zonel->AB -
e Zone2->AB -

Zone 3->AB,C -
Zone 4 ->AB,C -

Zone5->AB,C -
Zone 6 -> A,B .

(Zone 7 -> A,B)
(Zone 8 -> A,B)

Parameter

External wall U-value

Thickness

Roof U-value

Thickness

Glazing stratigraphy

SHGC

U-value

Air tightness
UHESE o

AARHUS
UNIVERSITY

Value

0.516 W/m2K
8.7cm
0.32W/m?K
14.3cm
3-13(air)-3
0.79

3.0 W/m?K
0.5 ach (fixed)

B UCLouvain

ASHRAE 90.1
Energy Standard for Buildings except
Low-Rise Residential Buildings

Passivhaus standard

Parameter Value
External wall U-value 0.15W/m2K
Thickness 28.1cm (26cm)
Roof U-value 0.15 W/m:K
Thickness 29.1cm (26cm)

Glazing stratigraphy

SHGC 0.47
U-value 0.78
Air tightness

3-13(Argon)-3-13(Argon)-3

0.5 ach (fixed)
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Step 4 — Life Cycle GHG emissions calculations

o : Supplementar
Building Assessment Information PP . v
Information
Al-A3 A4-A5 B1-B7 C1-C4 D
Product Stage Construction s ime End of Life Benefits and Loads
Process beyond the System
Boundary
Al A2 A3 A4 A5 Bl B2 B3 B4 BS Cl C2 (C3 (4
o =
= = (=]
s 2 g sl 2|l
£ @ & = £ £ S an
s ° 1) o c = s =
-~ & - £ - S 3 7] o & @ E ‘@
s»l| 51| 5 5 || & “llefl&(lE]]2 sl slléll= Reuse-
2cl| a = a ; 5 2 2 = 2 g @ Recovery-
23l 2] £ 2| s 2 2| 2 sl 2|l 2] 8 y
=35 T “g‘ s £ -3 £ £ : @ Recycling-
R £ = g 3 = 2 = Potential
£ = 7 g o
£ 5 5 B6 Operational Energy Use 5 =
2§ © ]
€ 3 =
B7 Operational Water Use

' [ ]
LIEGE gy M7 1@ UCLouvain

Focus recommended:
Stages A,B & C

Embodied:
Stages Al1-5 + B4-5 +C1-4

Operational:
Stage B6
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Step 4 - Embodied GHG emissions calculations

Building Assessment Information

Supplementary

Information
Al-A3 A4-AS5 B1-B7 Ci1-c4 D
Product Stage Construction Use Stage End of Life Benefits and Loads
Process beyond the System
Boundary
Al A2 A3 A4 A5 B1 B2 B3 B4 BS Cc1 c2 (C3 c4
é [ - c
23 . sl gllll 2
& ° o0 0 @ a = £ E =] &
- o - £ - 8 b} 7] o Y @ s B
sl 5|3 5 || & "HENE|l2]|] S silsllell s Reuse-
% T & H] g g g 2 ‘33 = =3 § 8 Recovery-
= E E "::i 5 £ 2 -% E t & Recycling-
g ‘s - = = 2 2 = 3 = Potential
e 2 B 7 g
£ o 5 B6 Operational Energy Use 5
z B o o
& 3 a
B7 Operational Water Use
EPDs issue: HVAC issue:
Last resort One Click LCA Recommended:

¥ LIEGE

unlver5|te

/v

AARHUS
UNIVERSITY

Sebastien Loreau’s work
(UCLouvain)

B UCLouvain

Biogenic Carbon issue:

Recommended source of data:

Recommended linking method:

Recommended calculation method:

I\ Transport

Data type issue:

-1 +1 Process — Hybrid (EPIC) - I/O

15



Step 5 - HVAC systems

Poor (E,F,G) Low Energy (C,D) Passive House (A,B)
! | !
Building level (onsite) and District level
Existing Gas boiler, air conditioning, Heat pump, mechanical ventilation,
No mechanical ventilation mechanical ventilation photovoltaic, solar collector,
district heating/cooling,
geothermal network

Parameter

COP heating

Fuel

Natural ventilation
Mechanical ventilation

PV surface

»LIEGE / AARHUS
université v UNIVERSITY

Value
0.85
Gas
Yes
No

0 m?

B UCLouvain

Parameter Value
COP heating 4.5

Fuel Electricity
Natural ventilation Yes
Mechanical ventilation Yes

PV surface 4 m?
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Step 5 — Operational GHG emissions calculations

Building Assessment Information

Supplementary

B7 Operational Water Use

Information
Al-A3 A4-A5 B1-B7 C1-C4 D
Product Stage Construction e End of Life Benefits and Loads
Process beyond the System
Boundary

Al A2 A3 A4 A5 B1 B2 B3 B4 BS C1L C2 (C3 (4
O u c
= g = =]
s 3 2 g 51 g ||l 2
=i @ 3 = £ £ 5] o
s 2 o g v c ] b £ £ c
> 2 © = + o 3 2 5 % 5 < © b R
S w 5 5 :6 £ c g K E a 5 ] = euse-
£y s|| 2 E & g 2 é‘ 2 "c:;‘ a 3 8 Recovery-
=5 & 5 5 B e = = a & Recycling-
23|l £ || 3 F g S1E] 2]l 5 Potenti
T %= = S 2 otential
& © b= 2 £ o
£5 5 B6 Operational Energy Use 5 =

@
g3 3

W HEGE S

AARHUS
UNIVERSITY
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Life Cycle Stages :

Recommended source of data:

Cooling

(E.g., equipment, computers,
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Step 6 - Storage

Coupled with solar energy
and heat pumps to
produce hot water

Main parameters
Volume
Energy range
Hot water temperature
Tank insulation

/v ﬁﬁlT\F/IEURSsm B UCLouvain

Thermal storage
to minimise variation
in electrical energy
consumption
between day and night

Passive: gypsum
wallboard, thermal energy
storage concrete
Active: floor heating
systems, PV panels

Hydrogen for long-term
energy storage
Battery for short-term
energy storage

Coupled with PV panels
power to produce
hydrogen in Summer, and
generate electricity in
Winter when battery
storage is not available




Step 7 - Energy mix

Historical STEPS  APS  NZE  SoucelEA

————Cea—\'———— — — Nat —
/ e e \Urajgas \

2000 2022 2022 2050 2022 2050 2022 2050

Changes in the electricity mix = Impacton the operational GHG emissions

WHESE Ao i, WUCLouvain
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Step 8 — Additional parameters

European Union Emissions Trading System (EUETYS)

A marketmechanismthatgives CO2a price and creates
incentives to reduce emissions.

The EU sets a cap on how much CO2 can be emitted (which
decreases eachyear) and companies need to have a European
Emission Allowance for every tonne of CO2 they emit within one
calendar year.

Before 2027: power generation and energy-intensive industries
From 2027: fuel distribution for road transport, buildings, and
additional industrial sectors

AARHUS
UNIVERSITY

O LIEGE oy B UCLouvain

RE2020

Theregulationsets a maximum threshold for GHG
emissionsfromenergy consumption:

- 4 kg CO,/m?lyear for new single-family homes. Fossil fuels
are to be completely phased out by 2025.

- 14 kg CO,/m?3/year forapartment buildings, to be reduced to
6.5 kg CO,/m?/yearin 2025.

- 8 kg CO,/m2/year for apartment buildings already connected
to district heating, to be reducedto 6.5 kg CO,/m?/year from
2028 onward.

20



Step 9 — Evaluation Scenarios and Functional Units

1
: Operational Energy GHG emissions (E+O) Cost
; [(KWh/m?)/year] [(kgCO,eqg/m?)/year] [€/m?]
I
Comparison of Energy Use Intensities Comparison of Net Primary Energy
'_|160 350
< 140 300
% 120 N\E
; 100 % 250
= 80 izoo
é 60 & 150
-] o 100
= 20 p-
g o < 50
5 -1.6 -12.1 -12.3
-20 0
BC R BC R BC R
Current 2050 2100 Current 2100

m Electricity (Lighting + Equipment)  ® Heating PV Generation ‘ = Net Primary energy

Primary Energy Factors
Electricity = 2.5
Natural gas=1

Source: European Commission database, EIA
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Step 9 — Evaluation Scenarios and Functional Units

160
140
120
100
80
60
40
20

Energy Use Intensity [(kWh/m2)/y]

-20

LIEGE

unlver5|te

Operational Energy
[(kWh/m?)/year]

GHG emissions (E+0O) Cost
[(kgCO,eq/m?)/year] [€/m?]

Comparison of Energy Use Intensities

-11.6 -12.1 -12.3

Current 2050

m Electricity (Lighting + Equipment)

Comparisonof Operational GHG emissions

BC R

BC R BC R
Current 2050 2100

m Heating PV Generation # ® Operational emissions

Emission Factors (Belgian energy mix)
Electricity = 0.165
Natural gas = 0.202

Source: IPCC EFDB, IEA

N w
[6)] o

N
o

-
(] o

Operationa emissions [(kgCO2eg/m?)/y]
o >

2100

/s L% mUCLouvain
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Step 9 — Evaluation Scenarios and Functional Units

! Operational Energy
: [((kwh/m?)/year]

GHG emissions (E+0O)
[(kgCO,eq/m?)/year]

Comparison of Operational GHG emissions

N w
[8)] o

N
o

-
()] o

Operationa emissions [(kgCO2eg/m?)/y]
= o

Current 2050 2100

® Operational emissions

S L]
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BC R BC R BC R

]
e
2
H
H
]
4a
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Step 9 — Evaluation Scenarios and Functional Units

Sensitivity Analysis & Uncertainty Analysis

Sensitivity analysis
to test the sensitivity of the results to the different parameters and identify critical parameters

Uncertainty analysis

to evaluate the robustness of the results by analysing the impact on results of parameters
considered less reliable

(e.g., emission factors, ...)

WHESE Ao i, WUCLouvain
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Thanks for your attention

Aurora Bertini
aurora.bertini@uliege.be

Maxime Dasse
maxime.dasse@uclouvain.be
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GHG Emissions Modeling

Questions and Answers
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