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1 Executive summary
1.1 Introduction

ADP’s Terminal Buildings are old and complex industrial buildings. Objectives of this sub-task are
to develop an innovative methodology based on a software platform developed at ARMINES
integrating building energy simulation (Pleiades STD Comfie) and life cycle assessment (Pleiades
ACV Equer). This subtask is based on 3 steps:

- Step 1: Complementing the software platform with an optimization module to comply with
terminal buildings specificities and complexity (ARMINES). Improvements will be based on existing
data provided by ADP,

- Step 2: Implementation of an ex-post experiment (ARMINES). Results expected are to verify the
relevance and reliability of the customized software and study a possible use for energy
performance guarantee,

- Step 3: Experimentation on a future refurbishment project by ARMINES to evaluate interactively
the energy and environmental impacts of design and construction choices.

1.2 Brief description of the work performed and results achieved

The existing software platform was improved regarding the import of a BIM, the extension of
number of elements allowing large and complex buildings like airport terminals to be studied, and
the application of optimization. This allowed an ex-post study to be performed in the case of two
buildings in Paris CDG airport (terminal 2B, and link between terminals 2B and 2D).

The proposed methodology, including modelling, energy simulation, life cycle assessment and
optimisation is presented in this report, as well as its application in the ex-post experiment.
Simulation results were compared with energy consumption measurements, showing that the
model is consistent with the measured performance given the large uncertainties regarding
occupancy scenarios (heating and cooling set points, internal gains related to occupants and
electricity consumption, air renewal flow-rate...). The optimisation module allowed solutions to be
identified, minimising the energy consumption for a given investment. Environmental impacts of
the renovated buildings were evaluated, considering several variants.

This first version of the deliverable was transmitted to Cluj and Zagreb teams in order to study a
possible replication. The next phase was to apply the methodology to a future refurbishment
project. Experience from the ex-post case study was used so that a more efficient process was
applied including modelling, thermal simulation, optimisation and life cycle assessment. Results
were shown to decision makers in order to study the relevance of the renovation proposal.

This document is property of the OLGA Consortium and shall not be distributed or reproduced
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1.3 Deviation from the original objectives
1.3.1 Description of the deviation

Generating a BIM model and importing it in the energy simulation software was more complex
than expected and this activity was longer than planned. It was also difficult to find a research
engineer. Fortunately, this did not cause too much delay so that it had no impact on the rest of
the project.

1.3.2 Corrective actions (links with other deliverables/WPs)

A more efficient way to model the studied building was found, i.e. using floor plans instead of a
complete BIM. One advantage is the duration of the modelling step, but this also allowed the
computation time of the simulation to be reduced because connected rooms of the same use were
aggregated in thermal zones. A lot of advice of this kind was passed on to partners in charge of
studying replication.

2 Proposed design methodology
2.1 Data collection
2.1.1 Building information model

The first step is to create a digital model (BIM) of the existing terminal, and making this model
compatible with an energy simulation tool. Ideally, the BIM developer should be familiar with
energy simulation standards like gbXML (green building XML) so that the modelling options are
appropriate. Because this is not always the case, treatments have possibly to be carried out on this
model (for example creation of rooms, fusion of different modelling layers, information enrichment
regarding wall composition etc.). Different formats will be tested: IFC4 and gbXML, as well as
several levels of information detail (hame of wall compositions, list of materials, physical properties
of materials) depending on the possibilities offered by the models available from ADP.

Some advice was generated following the first activities of the project.

a) define rooms and spaces, and if needed specific space boundaries in your building (including
boarding bridges if you wish that they are included in the thermal analysis, e.g. comfort, and life
cycle assessment). The room / space must be simple as possible (excluding video game corner...).

b) join material layers in walls instead of defining one wall for each layer (or allow this possibility
for adaptation of the model when exporting it to gbXML). It is not required to define all physical
properties of materials in e.g. REVIT: a name is sufficient, and energy engineers can input the
properties in the energy simulation tool (same as for use scenarios).

This document is property of the OLGA Consortium and shall not be distributed or reproduced
without the formal approval of the Consortium
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c) define opaque walls and windows in facades instead of curtain walls (except if there is really a
curtain wall) otherwise an adaptation work will be needed to transform such curtain walls into
opaque walls and windows.

d) export your BIM in the gbXML format and check that all spaces and walls are integrated using
a gbXML viewer, e.g. https://www.ladybug.tools/spider/gbxml-viewer/r12/gv-app/gv-app.htmi

e) Avoid to use e.g. generic Revit families for replicable part of the building (e.g. boarding bridges),
if you wish to include them in the thermal analysis.

f) To facilitate exchanges between BIM designer and the thermal/environmental experts, choose
names for materials and components as much informative as possible (e.g. glasswool instead of
insulation). The family type parameter "Type Comment" may be used in order to include
supplementary information.

2.1.2 Occupancy scenarios

Data has to be collected or estimated regarding the use of the different premises, in the form of
hourly-daily scenarios specifying over time:

- The number of people present,

- The set-point temperature (heating and air conditioning),

- Internal heat gains linked to electricity consumption (including shops),

- The air flows extracted and possibly blown in by mechanical ventilation,
- The opening of doors and other possible elements,

- The management of any solar protection (e.g. blinds).

2.1.3 Climate data

A typical year file must include hourly values at least for external ambient air temperature, global
horizontal solar radiation, and if possible diffuse horizontal and direct normal solar radiation,
relative humidity, wind speed and direction.

2.2 Energy simulation

A dynamic building energy simulation (BES) must be performed to evaluate the performance of
the existing building and study improvement measures. Several tools are available, see for instance
(Peuportier and Blanc-Sommereux, 1990), (Clarke, 2001), (Crawley, 2001), (Seem, 1987). Model
reduction techniques reduce the computation time while keeping a satisfactory precision level
(Munaretto et al., 2017). This allows thousands of simulations, needed for optimization, to be
performed in a reasonable time.

This document is property of the OLGA Consortium and shall not be distributed or reproduced
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The results in terms of energy consumption should preferably be compared with measures or
invoices if they exist. Uncertain parameters influencing the most simulation results (e.g. air change
rates) can be adapted to reduce the gap between the model and measurements. If time is available
for a more precise study, influential parameters can be identified by a sensitivity analysis, see e.g.
(Morris, 1991), and the model can be calibrated considering the most influential parameters, see
e.g. (Kennedy and O’Hagan, 2001), (Heo et al., 2012), (Beaumont et al., 2009).

Different renovation scenarios can be defined (thermal insulation, replacement of glazed elements,
improvement of ventilation, actions on systems and / or their control, etc.). These scenarios can
then be evaluated using the preferably calibrated model.

2.3 Life cycle assessment

Building energy simulation can be followed by life cycle assessment in order to evaluate the
environmental impacts of the renovation works, and impact reduction obtained by energy saving.

Different tools may also be used like Pleiades (Polster et al., 1996), Simaprol, Open LCAZ,
Brightway?.

The principle is to account for environmental impacts over the life cycle of a building: from the
extraction and transport of raw materials, fabrication of building products, transport to the
construction or renovation site, implementation works, use of the building, replacements of
products until the end of life and possible recycling (see figure hereunder).

Construction —l::lj\ Operation and use —>| Dismaniiing
? x ‘

new healing, water, finaf
products air condifionning, waste
electncity,
haousehold waste,
recycled everyday transport
products W

recyclable
products

product
replacing & mainien,

Building life cycle simulation (Peuportier, 2015)

L https://simapro.com/
2 https://www.openlca.org/
S https://brightway.dev/
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LCA addresses global warming, but also other environmental impacts in order to avoid impact
transfer (e.g. reducing greenhouse gases emissions but increasing impacts on human health), see
an example in the table below.

Impact indicator unit Reference

GHG emissions kgCO2eq. (IPCC, 2013)

Acidification kg SO2 eq. (Seppala et al., 2006 ; Posch et al., 2008)
kg PO4 eq.

Eutrophication (Struijs et al., 2009)

kg ethylene eq.

Photochemical ozone production (van Zelm et al., 2008)

Cumulative energy demand kWh (Hischier et al., 2010)
Water used m? (Hischier et al., 2010)
Land use m2.year (Koellner et Scholz, 2006)
Waste t (Hischier et al., 2010)
Radioactive waste dm? (Hischier et al., 2010)
Abiotic resource depletion kg antimony eq. | (Oers, 2016)

Damage fo biodiversity PDF.m2.year (Huijbregts et al., 2016)
Damage to human health DALY (Huijbregts et al., 2016)

Example list of LCA impact indicators (Wurtz et al., 2020)

LCA has been applied to numerous new construction projects, but also to renovation (Palacios-
Munoz, 2019).

2.4 Optimisation

Cost data can also be collected. An optimization step can be experienced, e.g. based on a genetic
algorithm, leading to the identification of non-dominated solutions (that is, there is no less
expensive solution for a given performance and vice versa). Various performance criteria can be
optimized: energy, greenhouse gases emissions, cost of work, etc.

Some BES tools are complemented with optimization modules, e.g. Genopt complementing
EnergyPlus and TRNSys (see https://simulationresearch.lbl.gov/GO/), AMAPOLA complementing
Pleiades STD (Recht et al., 2016).

This document is property of the OLGA Consortium and shall not be distributed or reproduced
without the formal approval of the Consortium
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The optimization criteria(s) have to be selected, as well as the design parameters, e.g. insulation
thickness in facades, roofs and floors, glazing properties etc. Constraints may be considered, e.g.
plus energy balance (renewable energy production being higher than the consumption in the
building), or comfort level.

Multi-criteria optimization allows non-dominated solutions to be identified, e.g. corresponding to
a lowest cost of renovation works for a given energy or environmental performance, and a highest
energy or environmental performance for a given cost. These solutions can be represented on a
“Pareto front”, see the figure hereunder.

9
D
0% O%o
Yo
O %@ ©

OBase case
O Initial population not respecting the constraint
O Initial population respecting the constraint

© Generation 20

GHG emissions (kg CO, eq. /year /m?)
N

5
-150 -100 -50 0 50 100 150 200

Construction cost difference with the base case (€/m?)

Example Pareto front, green points respecting also a plus energy constraint (Recht et al., 2016)
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3 Results for the ex-post case study
3.1 Presentation of the case study

CDG Terminal 2B was studied. A comprehensive renovation of the envelope was performed,
allowing thermal insulation and low emissivity double glazing to be implemented. Energy
consumption measurements after renovation are available, as well as some data regarding the use
of the different spaces (occupancy, heating and cooling temperatures).

I

3.2 Elaboration of a building information model

The software REVIT (editor Autodesk) is used to create model shapes and systems in 3D with data
and parametric rules. It is also used to produce documentation work like plans, elevations, section
and bills of objects or materials. The 3D,2D or only alphanumeric data can be exported into several
different formats. The Pleiades solution is able to import three 3D models formats:

e Revit (RVT)
e |FC
o ghXML*

4 gbXML is an open-source file format used to facilitate the transfer of building properties stored in a 3D BIM model
to energy calculation applications. The format is now supported by all major BIM and energy analysis software
publishers and has become the industry standard.

This document is property of the OLGA Consortium and shall not be distributed or reproduced
without the formal approval of the Consortium
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We preliminary balanced the advantage/inconvenience of each format, and the exchange using a
gbXML format was chosen after this analysis.

Format Benefit Inconvenient

Revit No specific action necessary to export Specific requirement with methods which are
sometime conflicting with Design needs (for
example the axis of wall is a limit for Pleiades while
Result can be injected in the Revit mock-up Architects use the internal face for room
measurement, Curtain wall must be split by level).

Native format used

Improvement to identify the walls / slab / ceiling
bordering a space Unable to import model with several linked models

The best solution for an iterative design process | Useless object for STD cannot be removed
Important File size
Require a Revit operator

Troubleshooting with the French official Lambert
conformal conic projection

Pleiades import process failed

IFC Selection of pertinent object and data for STD Object' shape must sometimes be modified

Troubleshooting with the French official Lambert
conformal conic projection

Important File size
Pleiades import process failed

Each Revit file must be exported separately then be
merged into a unique IFC file

It takes a long time to export / import the data

gbXML | Import works in Pleiades Export process takes a long time.

Air volume and surfaces bordering the volume are | Some walls are not associated as a boundary with
the only objects exported. the space volume.

Identification of the activity inside the volume | Material's properties are not included
and the nature of the wall

File size is lower than the two other formats

Considering the fails with IFC and Revit, we conclude that the best format to exchange the data is
gbXML.

3.2.1 Adapting the REVIT MODEL

Before exporting the model into a gbXML file, the first task is to adapt and complete the model.
The model contains Rooms defined by the architects, but we cannot use them for thermal analysis.
Indeed, rooms and spaces are independent components used for different purposes. Rooms are
architectural components used to maintain information about occupied areas. Spaces are

This document is property of the OLGA Consortium and shall not be distributed or reproduced
without the formal approval of the Consortium
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exclusively used for the MEP disciplines (Mechanical, Electrical and Plumbing) to analyze volume.
They contain parameters that maintain information about the areas in which they have been
placed. This information is used in order to perform a heating and cooling loads analysis using a
simulation software. Spaces can be placed (added) and deleted independently with rooms. Spaces
are immediately assigned to the Default zone when they are initially added to a project. Spaces
can be viewed in a section view, but spaces cannot be viewed or placed in elevation or 3D views.
We can add a space separation line to divide it and we can set its elevation, but we cannot change
its geometry. Spaces should be placed throughout the model, including unoccupied areas such as
plenums areas. Spaces that are created in an area that contains a room are created as occupied
(Occupiable parameter selected).

Figure 1 Workflow to create spaces.

Room limits CAD Manage the height limits Fill the Data

Convert CAD into Space limit in
Revit (Dynamo script)

When placed in an enclosed area, the volume for a space is calculated to the surfaces of room-
bounding components, such as walls, floors, ceilings, roofs, and space separation lines. The volume

for the space expands horizontally and vertically to the extent of the face of the room-bounding
components. The bounding Surfaces of the volume fall into one of two categories:

- Exterior.

Except when the component’s type parameter, Function, is specified as Interior or
Core/Shaft, surfaces for room-bounding components (such as walls) have spaces
adjacent on one side only, or they have no spaces adjacent and are treated as exterior
surfaces. Heating and cooling loads analysis treats these surfaces as exterior, even if
they are interior.

- Interior.

This document is property of the OLGA Consortium and shall not be distributed or reproduced
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These surfaces for room-bounding components that have spaces adjacent on both sides
are treated as interior surfaces or components whose type of parameter. Function is
specified as Interior or Core/Shaft.

We had to adapt the model with these different changes in order to produce a correct volume
model:

Passenger Bridge

The initial model of the bridge, connecting the boarding
gate with the boarding bridge, cannot be used to define
the boundaries of space with the slab, the windowpane,
or the roof. This object is a generic model that cannot
distinguish each part into the gbXML exported file.

Figure 1: Initial passenger bridge

The solution consists of switching those generic
models with a correct model that distinct the floor,
glass, and the ceiling. Each object is also correctly
designed with materials (e.g. insulation) and their
thickness. Each one is named to facilitate the future
analysis (producing a BIM).

Figure 2 : Sectional plan of the modified passenger bridge

Filling the gaps in the shell

The facade from the original model contains several gaps and consequently it is not possible to
create an air volume (aka space) beside these gaps. This oversight is probably due to a problem
during the upgrade of Revit version or simply due to a human error.

A solution is to fill these gaps with a correct facade element.

Figure 3: missing facade element Figure 5: Gaps between the rotunda
Figure 4 : Gap between roof junction of the boarding bridge and the
element facade
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Disactivate space separation object

Different furniture in the terminal is activated as a space boundary. This option means that the
object creates useless limits (planar or vertical) in the space delimitation. The problem is that the
same property is used both to manage room and volume limits. This property is sometime activated
in order to split an area to quantity a part of a room like the waiting area and the boarding area.
The solution consists to disactivate this property and when necessary to create manually a room
separation border.

Structural object

Wur-rideau -
ADP_A_GCV4_Garde corps vitré

= Ehodifier le type

28N (+5.20)
{0000
Sans contrainte
11.3000
i0.0000
2ariie supérieure attachée !
Uirte de piéce ] ||
e au B

Definition de la section
Section Vertical
Texte

GOE Ftage

‘Debut
nnn®
Appliquer

Figure 6: Passenger separation barrier
A few structural objects o st .

were created as generic objects. The problem is the same as
for the Passenger bridge. The solution consists of switching
those generic models with an object in the correct category
(floor, columns, walls, and the roof).

u

- Données
identification

The junction portico was decomposed into 7 objects. These |l i g
objects are set with the correct parameter Function (Exterior Figyre 7 : junction portico before change
or Interior).
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Column A Wall with junction

Figure 8 junction portico after change
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Building facade limits.

Three problems had to be solved to export a correct
model.

Emt

1. Air volume near the curtain walls cannot be
created.

2. All facade's surfaces are not exported

3. Some limits of air volumes don't match with the

Revit mockup Void between curtain wall and air volume's limits

Figure 9 Example of limits problem

The first problem is caused by Revit which does not recognize all the limits bordering the volume.
When the user wants to insert a volume, Revit automatically creates the space for areas greater
than 0.25 sq ft. In many cases, if the room is created then the space can also be created.

We also observe that the data produced by the construction company are not adapted with the
needs of a thermal simulation model. The facade model contains a lot of details that makes difficult
to export into a gbXML model (like overlapping walls). Moreover, the company models focus on
the objects on their responsibility and the connection with the models produced by other
companies doesn't always match perfectly. Consequently, there are some gaps in the exterior
bounders that we must correct because space requires a closed limit

Concerning the second problem, the offset of curtain wall ignites this problem.

Revit defines volume's limits considering the axis of wall panels, but a curtain wall is composed
with mullions and wall panels. The wall panels can be offset from the limits but this offset of curtain
wall components (the panel or mullions) is not applied to define the volume limits.

mModelisation Glass panel
Décalage (Vitre/meneaux) <= 0 -
~ I
R ——
EEEE—
/ Limite Espace
- ——
Plan Coupe Axis used by Revit to limit the volume

Figure 10 Offset doesn't change the space limit.

The third problem concerns the separation lines that are stored in a linked model. It is a complex
troubleshooting that we encountered during our work. Room boundary can usually be split by a
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room separation line and space can also be split by a space separation line. The room boundary
line should not interact with space. But when several models are linked, Revit doesn't make any
distinction between the lines used for a room separation or for a space separation.

These three types of problem should be solved to have a correct thermal 3d model, but it takes a
long time to solve them one by one.

The solution is composed with two actions. One is to inactivate the limits from linked models and
on curtain walls and to draw the space separation line for all the exterior boundaries. It is simple
to inactivate the limits, the Room Bounding parameter must be uncheck for each linked model or
object.

3 —

Propriétés
Modeéle Revit lié
CDG_1200B_TZ_Conteneur_DWG.rvt
Liens RVT (1) I Modifier le ty
TS |
Limite de piéce Room Limit
Donnees diidentification
Nom de fichier CDG_1200B_TZ_Conteneur_ DWG
Image du type

Note d'identification

Modeéle

Fabricant

Commentaires du type

URL

Description

Description de I'assemblage

Code d'assemblage

Marque de type

Colt

Sous-projet .A_200_Lien_Revit_DIA_A_CDGZ_Conteneur_DWG_(tI
Modifié par |

Figure 11-1: inactivating limits

The second is more complex, we must create a specific exterior boundary that intersect the face
of the panel or wall. We use a limit from a floor plan to create these space separation lines. The
size of the building needs to automate the creation of these separation lines. We use Revit
Dynamo for that. Revit Dynamo is a graphical programming interface that lets you customize your
building information workflow. The script selects the lines from a CAD drawing and transforms
them into space separation lines.
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Retrieve the Asset-Level polyline from the linked asset autocad plan - Récuperer la polyligne Patrimoine-Niveau du plan autocad
patrimoine lié

Figure 12-2: Dynamo script to convert drawing line into space separation line object, global view, see details hereunder

Retrieve the Asset-Level polyline from the linked asset autocad plan -
Récuperer la polyligne Patrimoine-Niveau du plan autocad patrimoine lié

H Element Types .

Importinstance v | Types C: All Elements of Type ® CAD.CurvesFromCADLayers

importInstance > Curve[][]
element type elements
layerNames > layerkeys[]

createModelCurves >

[[1 Layer Names Value lneStyleMap >
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Creating space boundaries from the asset's plan polyline - Création des limites d'espace a ps

7 DocumentACtiveView

documant £ Ww

A

T Level Flevation

., Element GetParametervalueByName leval > doutila

Z] Document.Current domant > v L]

Document parametorName

A
['] Parameter Name Value

es limites d'espace a partir de la polyligne du plan patrimoine P

*

ceSeparator FromCurve

spacTSOparatoT

"  Point ByCoordinates
T Level Elevation

Point

T\ SketchPlane ByPlane

£..} pane ByonginNormal — B ——

angin wrm

normal

Figure 13-3: Dynamo script to convert drawing line into space separation line object
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Figure 14 Result of script Space separation lines

After making all this changes in the Revit model, the spaces have been manually inserted into each
floor plan. The space name is a legacy from the overlapping room. This task requires human control
because the spatial intersection between room and space sometimes returns erroneous results.
Once correctly parameterised, the volumes inherit the functionality data defined in the properties

of the room object.

Figure 15 Result of treatment Spaces for all departures level
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Space overlapping.

A space overlapping cannot be exported into gbXML, all the conflict should be resolved before
export. Revit doesn't show in a 3D view the space element; therefore, several section views are
created to detect location of conflict. In a section view, the upper and lower limits can be changed.
In a same plan, a space cannot overlap another one. In a complex area, we must deal with these
rules and the only way to eliminate overlapping is to split a space in order to manage separately
the different heights of the volume.

Figure 16 the Right section shows a space overlap, the left
section shows a correct space model

Figure 17 Example of complex space in the Terminal 2B
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Methodology of modelling

The thermal model was created in two steps: first a sample corresponding approximately of 1/9

of the area and in a second step the entire terminal.

Figure 18: Sample test & Figure 19 Terminal 2B

Some issues were identified during the sample and we searched a solution to solve or mitigate
them.

The duration of each step was measured in the sample model then the time needed to replicate in
the complete terminal model was forecasted. The forecast indicated that the space modeling
process of work was too important, and we had to find a way to reduce it. We use dynamo (figure
11) in order to automate a part of process.

Topic duration Size Forecast | Real
(testing coefficient (hr) (hr)
sample)
Passenger Bridge 2 6 12 16
Limit under staircase flights 2 50 100 0
Deactivate space separation object 1,5 1 1.5 1.5
Filling the gaps in the shell 8 8,23 66 8
Building facade limits 16 3,87 62 8
Structural object 8 1 8 8
Space modelling 67 8.23 551 76
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Repartion of time Space m;de““g
Structural object 65%

7%

Building facade limits
7%
Filling the gaps in the
shell
7%
separation object
1%

|

Limite sous volée des Escaliers

Passenger Bridge
13%

3.2.2 Unsolved issue

Some shape's complexities of the building envelope do not allow to create accurate volumes with
revit modelling tools. For example, we didn't successfully model the vertical curvature of the link
BD building. Revit automatically creates volumes by projecting planar boundaries perpendicularly.

& \\\\\‘ ////

AEROBUR]
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Figure 20: Spaces in Revit Figure 21: Result after export into GBXML

The workaround to create the thermal model was to export
from Revit the wrong volumes into gbXML, and the floor plans
and several sections views of the envelope into DWG format.
The gbXML model was used to init the study with Pleiades
software and was after manually corrected with the CAD data
(DWG,). Finally, it was more convenient to use only the DWG
plans.

3.2.3 Generating a gbXML model in REVIT

Figure 22 Pleiades model

Once the digital mock-up is updated with the objects modelling the volume of the air for each
space/room, you must export the model to a gbXML file format before to perform the energy
analysis using Pleiades software. This format focuses on the energy analysis information needed

by the thermal analytical model. The energy analytical mode]| | e e *
. . . | Paramétre | Valeur ~
is composed of analytical spaces and analytical surfaces,
. . . Mode Utiliser des pigces ou des espace:
which are created based on parameters defined in the | [sindixi 551 (2000
Phase du projet Existante
Energy Settings dialog. o
. . Profondeur de la zone périmétrique 3.6576
» The parameter "analysis mode" specifies the type of e vt 13288
object to export. Revit offers three options for ||t oo O Rt
exporting to gbXML which correspond to the options | [i5eomen: e
for the analysis mode in the Energy Settings dialog: o rrr—
T . Modifié par v
e Use building elements: Creates analytical spaces |l<" >
and surfaces from building elements. i s S e
d'eénergie#
[ oc ][ amier
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e Use rooms/spaces elements: Creates analytical spaces and surfaces from room/space
volumes.

e Use conceptual masses and building elements: Creates analytical spaces and surfaces
from conceptual masses and building elements.

We choose the " Use rooms/spaces elements " option, which best matches the state of the
terminal model.

» The parameter "Ground plane" specifies the level below which the surface of the energy
analytic model is assumed to be in contact with the ground for heat transfer. For a building
where the first floor is partially buried (e.g. built into a slope), use the level with the greatest
exposure as the ground plane.

We choose the APRON level corresponding to N3 level.

» The parameter " Project phase" filters the building elements and/or design volumes
assigned to the specified phase or to a previous construction phase that are included in the
energy analysis. Elements and volumes assigned to a later construction phase are omitted
from the energy analysis. We choose the phase "Existing".

The other parameters are useless with the workflow chosen.

Then we export and control the energy analytical model, which is composed of analytical spaces
and analytical surfaces, which are created according to defined parameters and with the objects
correctly modelled in the BIM. The quality control is a visual inspection made with a free and open
source gbXML viewer (Aragog gbxml viewer). The quality control was iteratively made during the
modelling of each level's spaces. The figure below illustrated the progress with the export model.
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Figure 23: Evolution of digital model export into gbXML

3.2.4 Importing and adapting a gbXML model in Pleiades

®,

% Level choice

Relevant levels have first to be selected, choosing altitudes corresponding to floors and not to
beams.
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« Plan modification

Some walls are missing, which create isolated points and errors, as shown in the figure below.

ONNUO0ORNOORNONOO0OROOR” O

Level

Niveau depuis dalle 11
2BND (-907)

Niveau depuis dalle 1
Niveau depuis dalle 2
2BM1 (-450)

Niveau depuis dalle 5
Niveau depuis dalle 4
28N 1bis (-177)

Niveau depuis dalle 7
2BN3 (£000)

Niveau depuis dalle 10
Niveau depuis dalle 3
2BN3M (+260)

Niveau depuis dalle &
Niveau depuis dalle 8
2BN4 (+520)

2BN4M (+820)

Niveau depuis dalle 9

Altimetry (m)

95.310

97.310

98.310
100.880
101.880
103.550
104.080
104.660
105.671
106.380
106.880
107.780
108.980
110.130
110.880
111,580
114,580
116.900

Lines are therefore added in order to close the corresponding spaces.
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[ import Revit: CAUsers\bpeuportien Documents\CE\OLGA\Démanstration CDG 2B\BIM\CDG _12008_TZ_GO_15xml o X

d= )]s «/+  2BNO(807)(97.31m) i B Clvotenter
- k= N

lalls
* O
—
El==

. . -
. 20 = 5 T | T iz}
= Al \ o
< > \ — B
Paramétres du niveau courant e 'I T | o
== = \ . . . 2
- ) W
& R — =t 4 2 0
e \ [
—+ —— — u
1 .1 1 -1 ) ' I _a
. _—— il T —
%0 e | | "
T e | RIS |
[ e
.
7 ]
o+
Tolérance 0.3 m Plan de coupe 1.5(m E
pphgser les modficaions s e ivemt AWt | oy nes /575 segments (-107276; -135647  Tracé libre
« Retour & étape précédente Import Murs et menuiseries Etape suivante: Import piéces

>
X arrétde lanalyse sur [étape en cours

Situation 1 in the figure below, a line is added; Situation 2, the point in red is moved to close the

space; Situation 3, the point in red is suppressed.

B impont Revit:C D ents\CE\OL ion CDG 2B\BIM\CDG _12008_TZ_GO_15.xml [=] X

[® IS % | a2 d # + 2BN1(-450)(101.88m) Rechercher une piece ou une paro P | (ot enter
rveau R— \ — \ N

NT—. _— T

% \ A

ok ;

H oW
+ @l g =
N

Ni=| D
+#0F>ED O NEEEEHRE

Tolérance | 03| m Plande coupe 1.5|m i

Appliquer les modrfications sur le niveau. t
= BNt | 1397 points / 1585 segments (-238825; 134351  Tracélibre  ERREUR. Plan non analysé : La forme est impossible & analyser-Cliquez ici pour zoomer sur I'erreur ¢ Cliquez ici pour voir les erreurs

- Retour & létape précédente Import Murs et menuiseries d Etape suivante: Import piéces

X Amétdefanalyse sur [étape en cours

The result is shown below.

This document is property of the OLGA Consortium and shall not be distributed or reproduced
without the formal approval of the Consortium

31/214



OLGA_D4.5_Report including a methodology proposal for design and conception of refurbished
airport Terminals_ARMINES_20251119_v1.docx

[ import Revit: € Documents\CAOL ion CDG 2B\8IM\CDG _12008_T7_60_15:xmi 5 %
d 2 % |4 @ -2|P # % 2BN1(-450)(101.88m) P | (Mot enter
Niveau \ — - N
280 (-907) & -

i 0 No \ _— b
; -~ - I
U _ T . El
— ) - B
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.
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e
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o | p—— (-244369; 145355  Tracélibre  ERREUR, Plan non analysé : La forme est impossible & analyser-Cliquez ici pour zoomer sur I'erreur ¢ Cliquez ici pour voir les erreurs
« Retour & fétape précédente Import Murs et menuiseries > Etape suvante; Import piéces

X AmétdeTanalyse sur [étape en cours

The import of curved walls generates extra walls which form triangles and which must be removed.

[ impont Revit:C. D ents\CEVOL! ion CDG 2B\BIM\CDG _12008_TZ_GO_15.xmi a x
d 2 % i@ 2 # ' 2BN1(-450)(101.88m) Rechercher une pice ou une paroi P | [IMot enter
Nivesuy N
- R
2 xNa I
= I
» L% b
= = ._l_) B
: 2]

-
3 B
< >
e o =
e = )
e
2 % | a
=l a
A
a0 1A
| °
/) i
| o+
Tolérance | 03| m Plande coupe 1.5|m i \
\
|
R il | 1308 poimts / 1619 segmerts (-35153;-199288)  Tracélibre  ERREUR. Plan non analysé : Attention, vous avez des surfaces négatives dans certaines piéces. [7_Chquez ici pour voir les erreurs |
€« Retour & Métape précidente Import Murs et menuiseries s Etape suivante: Import péces

X Amétdefanalyse sur [étape en cours

The extra walls are suppressed, as well as some internal walls like hereunder.
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[ import Revit: € Documents\CAOL ion CDG 2B\8IM\CDG _12008_T7_60_15:xmi 5 %
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« Retour & fétape précédente Import Murs et menuiseries > Etape suvante; Import piéces

1 nauvelle notification (Assistant de concentration

Some extra points in a wall have also to be suppressed.

& import Revit: ¢ ents\CE\OL i DG 28\BIM\CDG _12008_TZ_GO_15.xmi =] *®
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Tolérance | 03| m Plande coupe 1.5|m i

3244 points / 3904 segments (205113;-333325)  Tacélibre  ERREUR. Plan non analysé : Attention, vous avez des surfaces négatives dans certaines piéces.
« Retour & [étape précédente Import Murs et menuiseries 4 Etape suivante; Import piéces

Appliquer les modifications sur le niveau courant

X Amétdefanalyse sur [étape en cours
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Import Revit:C: Documents\CE\OL ion CDG 2BYBIM\CDG _12008_TZ_GO_15:xmi 8 x
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2 Amét de fanalyse sur [étape en cours

Affichage des taches

The BIM of the gangways is sometimes incomplete. Supplementary walls are added by copying
complete parts.

@ Pleiades Modeleur CDG_12008_TZ_GO_15 / Base ® v — 0 X
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4916 points / 5535 segments (20140; -342172)  Tracé libre  ERREUR, Plan non analysé : La forme est impossible 3 analyser-Cliquez ici pour zoomer sur I'erreur 1 Cliquez ici pour voir les erreurs

Some double walls have to be suppressed.
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A part of the terminal is lacking on level 4. It should be added from level 3M. After improvements,
the plan of 4M is shown in the figure below.
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Parts of the terminal are lacking on level 4M. They should be added from level 3M and 4. After
improvements, the plan of 4M is shown in the figure below.
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Y} 78 Levels manager « o 2BN4M (+820) [Search wat o

% Floors of mezzanine levels

1bis, 3M and 4M levels contain only some mezzanines, and the rest of these areas is empty.
However when the model is imported in Pleiades STD, their floors are set as covering the full area.
Therefore it is necessary to refer to the plans (e.g. CAD files, see figure below) to identify which
part of the floors do not exist and set them as open state in the software.

CAD map of mezzanine level N3M
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Setting open state of a floor in Pleiades

The result is the following. One part of the mezzanine N3M is shown in the yellow circle. It can be
seen that the height of the floor of mezzanine level to the floor N3 (the short red arrow) is half of
that where there is no mezzanine (the long red arrow).
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View of mezzanine level N3M

X/

¢ Glazing area problem

The first observation is that we found that the imported windows are often not correct. For
example, the size and position of the windows are not reasonable and the windows of the
gangways are missing. The windows are improved by comparing to the facade glazing design map.
The glazing design map of facade north is shown below.
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Glazing design of facade north

The north facade of the model after improving is shown below:
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The second observation is that when the compositions of walls are set in the software, many errors
occur such as “the area of wall XXX of the room XXX is negative” (see figure below). This occurs
when the wall thickness is too large compared to the size of the room (see below).
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A similar problem occurs if there is a window or a door in the wall, which covers a part of the wall
thickness (see below).
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The software developer provided a patched version to solve this problem: we can use a button to
automatically change windows size. The number of errors decreases from 368 to 22. Then it is
possible to solve the remaining problems one by one.
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After using the automatic resizing function

The glazings before and after improvements are shown in the following figures.
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Glazings after improvements
¢ Integrated shadings

There are integrated shadings for the glazings on the north, south and west facades. Their depths
are measured to the top of the highest glazings: south: 7.5 m; west (previous 16m to north): 2.6m
and north: 2.8m. An example of the integrated shading on the south facade is shown in the figure
below.
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Integrated shading on the south facade

This information is integrated in the Pleiades model for each glazed facade. It should be noted that
for the glazings of each level, the integrated shading information should be redefined because the
height between the glazing and the shading is different.

+» Concrete columns modelling

The concrete columns serving as structure elements are normally very large in airports. This brings
some thermal mass. However, when the model is imported in CAD, the concrete columns are
usually modelled as small rooms and their four vertical walls are given as the internal wall
composition. This could not correctly model the concrete’s behavior. We propose to improve it in
these two situations:

Situation 1: if the columns are totally inside one zone, or one edge is in contact with another zone,
we can delete it and sum all surfaces and have an equivalent thermal mass modelled as an internal
wall. It should be noted that, in order to also simulate the columns in the mezzanine floor, we
should multiply the area by two (if level height is identical for a normal level and a mezzanine level,
e.g. N3 and N3M, otherwise multiply by a corresponding scaling factor based on the level height
ratio). Once we obtain the area of the equivalent column, e.g. 3m X 1m, we can draw one line of
3m to be the internal wall and set the wall to be a composition of concrete with a thickness of 1m.

An example as shown below: there are four 0.5mx0.5m and one 2m X 1m concrete columns on
level N3 in the red circle, which is 0.25*4+2=3m? in total. We can delete them and draw a line of
6m (also considering the mezzanine floor N3M) and set it a composition of concrete with a
thickness of 1m to be the equivalent thermal mass (i.e. black box).
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Situation 2: if the column is one part in Zone A and one part in Zone B, we can delete the four
walls of the concrete column, and line the two points of the zone. Then we set a composition of
concrete with a thickness of previous wall length to this line, as shown in the figure below. It
should be noted that this should also be done for the mezzanine floor, because the columns are
extended to the mezzanine floor.
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After conversion

3.2.5 Floor maps and 3D model

After all the improvements for the imported model, the floor maps are completed, as shown in the
figures below.
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It takes around 5 minutes to get the 3D view, as shown in the figures below.
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3.2.6 Generating a Pleiades model from AutoCAD files

In this section, we propose a second method to model an airport terminal in Pleiades: drawing the
model based on AutoCAD (DWG,) files. The principle of this method is to import the level plans in
AutoCAD file format (.dwg) as background and then draw each level using Pleiades modeler. The
glazing information of each facade can be obtained by verifying the facade plans in AutoCAD
format. This method was tested for the link between terminal 2B and 2D (i.e. link BD).

% Link BD

This is the building which links the terminals 2B and 2D (see the picture below). It has a sloped
roof and the north and south facades are not vertical but with the shape of double curves. It is
challenging to model these complex elements in Pleiades.

—_—

+ Problems with the gbhXML export
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As described in section 3.2.2, the gbXML file generated from Revit file could not appropriately
describe the link BD. When it is imported in Pleiades, the maps of each level are not complete and
there are many errors, as shown in the figures below for the 4 levels.
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x Stop analysis

We modified and improved the levels roughly and quickly to generate a 3D model, as shown
below.
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The quality of the gbXML file of the link BD is poor, because the levels are not complete and there
are many double walls. The sloped roof and curved facades are not modelled. For a model with a
small or medium size such as the link BD, it seems that modelling based on AutoCAD files could
be more efficient.

% Modelling based on AutoCAD files

1 AutoCAD files used as background for each floor, appropriate floor plans must be selected by
the airport company.
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2 Walls have to be drawn

Some rooms with the same use (e.g. offices, passenger area...) and the same orientation (North,
South...) can be grouped and in this case it is not needed to draw all connecting walls. This requires

an exchange between the modeler and the airport company.
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3 Scale
Lengths have to be checked.
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4 Orientation has to be provided
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5 Glazed areas have to be included

This requires facade plans.
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+» Sloped roof modelling

To model the roof, we should check the facade view to determine to which level(s) belongs the
roof. Considering the west view, as shown in the figure below, around 1/3 of the roof on the left
belongs to level N5 and 2/3 of the roof on the right belongs to level Né.
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It is possible to measure the slope of the roof on level N5 in AutoCAD, including the heights of
the lowest and highest points of the slope and the horizontal distance between them. The roof
could be modelled by clicking the tab “Roof” at the bottom of the design interface, as shown below.
The line in the middle represents the top of the sloped roof. Then it is possible to define the height
of the different points of the slope by clicking the option “wall composition”, as shown in the figure
below. For a sloped surface, the heights of three points should be defined. We can set the highest
point A as the reference point and its height is Om. Then the two lowest points are point O and L,
with a relative height difference of -4.5m. The modelled slope of level N5 in 3D is shown below.
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@ Display

®  Solar analysis

@] nNatural lighting

a Picture

§ Displayed levels

=
N6 (+1900)

» N5 (+1220)
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N3 (000)

N1 (-450)

The roof of level N6 is more complex to model, due to its shape and the surface curve. We
discretise the roof into several small cells, as shown in the figure below. We apply the same
abovementioned method (using AutoCAD file to identify the relative height of each point) to each
small cell. It should be noted that the south facade of level N6 is a curved surface which is modelled
as roof in this model. The 3D model of this building at level N6 is shown below.

211 points / 289 (180777 ; 80802) Free draw Sketch analyzed
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+ Double curved facade modeling

The south and north external walls are curved on level N4 and N5. The slopes of the curved
external wall are small, so we directly model them as vertical walls, but with a location in the middle
of the slope, as shown in the figure below. The south facade of level N6 is modelled as the roof as

abovementioned.
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Specifiez le second point ou [Plusieurs points

]
Distance = 7.5588, Angle dans le plan XY = 1B@

+ Modelling of glazing

Glazing dimensions can be obtained from elevation plans (AutoCAD files), as explained above.
Then we can model the glazing on each facade by inserting windows in Pleiades Modeler. It is also
possible to define windows on a roof in Pleiades, which is used here to represent the glazing on
the top of the curved external wall. It is difficult to model it exactly the same as the real
construction due to the logic of Pleiades. The principle is then to minimize error on glazing and
envelope areas so that heat losses and solar gains are the most precise as possible, as shown in
the red circle in the figure below. Similarly, some glazings in triangle shape, which is not allowed
in Pleiades, are converted into a rectangular shape with the same area, as shown in the brown
circles. The glazing on level N4 in the green rectangular could not be modelled directly, because it
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is occupied by a concrete structure in COMFIE. Therefore it is distributed to the areas in the brown
circles next to it.

+» Floor maps and 3D model

After all these improvements of the imported model, the floor maps are completed, as shown in
the figures below.
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Benefits comparison between gbXML method and AutoCAD method
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The benefits/ inconveniences are summarized in the table below.

Method Benefit Inconvenience
gbXML e Very efficient if the model quality is e Highly depends on the model quality
FoeY e  Numerous small errors could be generated,
e Avoid drawing by hand such as double walls, unreasonable shapes
e Internal walls and windows information e  Windows information could be wrong and
is included in the model needs to be corrected

e Cannot deal with complex shapes and

curves
AutoCAD e Can deal with complex shapes and e Not efficient for a very big and complex
curves, such as sloped roof or curved facade building
o Efficient to model the building if its size e  Windows, internal walls and doors have to
is not very large be drawn by hand, which could be a heavy
work

e Double walls and strange shapes could
be avoided

3.2.7 Collecting data on occupancy

Default number of persons according to uses (offices, shops, passengers halls...) were refined as
much as possible using monitored data.

3.3 Configuration of the dynamic thermal simulation
3.3.1 Choice of the climatic data

Various hourly climate data regarding the external ambient air temperature, global horizontal solar
radiation, diffuse horizontal and direct normal solar radiation, relative humidity and wind speed
and direction were collected by the measurement equipment in the CDG airport. A typical year
corresponding to the period 2007-2021 is considered except for the air temperature, which uses
the hourly data collected by the MeteoFrance in 2022. This is to calibrate the occupancy scenarios
based on the heating and cooling consumption of 2022. These data were converted into a weather
station file which could be used in the BES tool Pleiades STD, as shown in the figure hereunder.
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Figure: Meteorological file in Pleiades

The air temperature and total horizontal radiation (unit: J/cm?) are shown in the figures below:
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Figure: Air temperature collected by MeteoFrance in 2022
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Figure: Total horizontal radiation from a typical year corresponding to the period 2007-2021
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3.3.2 Zone definition
3.3.2.1 Terminal 2B

In Pleiades STD, a building is decomposed into several thermal zones for the software to calculate
its thermal performance. A zone is a volume with a homogeneous thermal behavior e.g.
temperature evolution and energy load. The temperature is identical in all rooms of a zone. Criteria
such as the use of a room and the corresponding occupancy, the location of the room (orientation
and level), internal gains and control systems are often used to divide the zones. All rooms must
be allocated to thermal zones (e.g. departure hall, arrival hall, offices, shops, unheated luggage
zone...).

As a first version, the model of terminal 2B was divided into 52 thermal zones, based on the
following principle:

e The zones are divided based on levels and use;

e The adjacent rooms are grouped into one zone if they have the same use and the same
occupancy scenarios;

e Gangways are combined into one zone;

e Vertical connections (e.g. vertical stairs) on different levels are combined to one thermal
zone.

e The mezzanine levels are separately divided into zones.

e The open floors of a mezzanine level are combined with the zones of the level below.

This model was tested and the simulation time is around 3 hours and 30 minutes, which is too long,
especially if the optimization process is involved. Then we regrouped the zones if they have the
same temperature setting points scenarios (average the internal gain and ventilation scenarios if
necessary) to minimize the number of zones in order to reduce the simulation time. After a test,
the number of zones is reduced to 19, and one simulation takes around 2 hours and 3 minutes.
The zones of each level are shown in different colours in the figures below. The detailed zone
information of link BD is shown in the table in section 3.3.3.
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Figure: Zone definition of level NO of Terminal 2B
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Figure: Zone definition of level N1 of Terminal 2B
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Figure: Zone definition of level N1bis of Terminal 2B
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Figure: Zone definition of level N3 of Terminal 2B
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Figure: Zone definition of level N3M of Terminal 2B
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Figure: Zone definition of level N4 of Terminal 2B
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Figure: Zone definition of level N4M of Terminal 2B
3.3.2.2 LinkBD

The zone definition of link BD is based on the similar criteria as terminal 2B. The zone definitions
of all floors are shown in the following figures. In fact, the model of link BD is generated from the
CAD plan, it contains much less details regarding the internal walls and doors. This largely reduces
the computation time of Pleiades COMFIE simulations. Therefore a zone definition with more
details is possible in this model. There are 44 zones in total. The detailed zone information of link
BD is shown in the table in section 3.3.3.
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Figure: Zone definition of level N3 of link BD
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Figure: Zone definition of level N6 of link BD
3.3.3 Occupancy scenario
3.3.3.1 Scenario calibration

The scenarios strongly influence the simulation results. The heating and cooling consumptions
were collected for terminal 2B and link BD. Therefore the calibration was done for the scenarios
such as the heating set point, internal gain, based on the comparison between simulation results
and the measurements.

The total heating and cooling loads of terminal 2B and the link BD were collected for different
years, as shown in the figures below. In fact, only the year 2022 is appropriate for calibration,
because other years are either incomplete or during COVID, which is not representative. The
separate heating and cooling loads for terminal 2B and link BD could be estimated by distributing
the total load according to their heating and cooling areas, which are 47000 m? (heating) and
36000 m? (cooling) for terminal 2B and 22800 m? (heating) and 16400 m? (cooling) for link BD

The electricity consumption is 208 kWh/m2 heating area for terminal 2B and 232 kWh/m2
heating area for link BD.
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Figure: Heating need measurements in terminal 2B and link BD
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Figure: Cooling need measurements in terminal 2B and link BD
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Terminal 2B, electricity
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Figure: Electricity consumption measurements in terminal 2B

For the terminal 2B, the simulated heating load is 1631 MWh, which is 22% smaller than the
measurements of 2022. Meanwhile the cooling load is 12% smaller and the electricity
consumption is 3% is larger. For the link BD, the heating load is 695 MWh, which is 31% smaller
than the measurements of 2022. Meanwhile the cooling load is 6% larger and the electricity
consumption is 25% is smaller. Considering the high uncertainties regarding the climate data and
occupancy scenarios, the simulation results and the scenarios in the simulation are considered
acceptable. Gaps between simulation and measurements may be due to differing indoor
temperatures, internal gains (e.g. related to electricity consumption in shops, offices etc.),
ventilation air flow-rates, and climatic data. The details about the scenarios are listed in the
sections below.
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Figure: Annual needs comparison for terminal 2B and link BD
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Figure: Heating needs comparison in terminal 2B
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Figure: Cooling needs comparison in terminal 2B
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Figure: Electricity consumption comparison in terminal 2B
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Figure: Heating needs comparison in link BD
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Link BD, cooling
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Figure: Cooling needs comparison in link BD
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Figure: Electricity consumption comparison in link BD

3.3.3.2 Terminal 2B

The occupancy scenarios mainly include four types: heating and cooling, internal gain, occupancy

and ventilation. They are summarized as scenario numbers for each zone of terminal 2B in the
table below.

Table: Zone definition and their scenarios for terminal 2B
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Zone Zone name Heating Cooling | Internal Occupancy | Ventilation
number scenario scenario |gain
1| Unheated space - - 1G2 08 V2
2 | Gangways 22°C allyear |c4 IG13 04 V2
3| N3M 22°C allyear [ C2 1G13 05 V2
4 | N4-Boarding Hall 22°C allyear | c4 IG13 04 V2
5| N4M 22°C all year | C2 1G13 05 V2
6 | Vertical connection 22°C allyear | c4 IG1 06 V2
7 | N1-Technical rooms 22°C allyear |5 IG13 o7 V1
8 | N3-Bagage-sorting hall 22°C allyear |- IG13 08 V2
9 | N3-Security and border check | 22°C all year | c3 IG13 02 V2
10 | N3-Boarding hall 22°C allyear |c4 IG13 06 V2
11 | N3-Offices 22°C allyear |C2 IG13 05 V2
12 | N3-Bagage delivery hall 22°C allyear |C1 IG13 04 V2
13 | N3-Horizontal circulation 22°C allyear |- IG1 06 V2
14 | N3-Technical rooms 22°C allyear | C5 IG13 o7 V1
15 | N4-Technical rooms 22°C allyear |5 IG13 07 V1
16 | N4-Offices 22°C allyear |C2 1G13 05 V2
17 | N4-Check-In Zone 22°C allyear |c4 IG13 03 V2
18 | N1-Offices 22°C allyear |C2 IG13 05 V2
19 | N4-Shops 22°C allyear |c4 IG13 04 V1

The details of each scenario are presented in the table below. It should be noted that heating,
cooling, internal gain, occupancy and ventilation scenarios are applied for the whole year.

3.3.3.3 LinkBD

The scenarios for link BD are summarized as scenario numbers for each zone in the table below.

Table: Zone definition and their scenarios for link BD

Zone Zone name Heating Cooling | Internal Occupancy | Ventilation
number scenario scenario | gain
1| N1-Outside - - - - -
2 | N1-Bagage-sorting-hall 22°C all year IG8 08 V2
3| N1-Shops 22°C allyear |c4 IG6 04 V2
4 | N1-Horizontal circulation 22°C all year IG1 06 V2
5 | N1-Security and border check | 22°C all year | c3 IG3 02 V2
6 | N1-Private toilets 22°C all year IG2 06
7 | N1-Office 22°C allyear |C2 1G4 05 V2
8 | Vertical connection-West 22°C allyear |c4 IG1 06 V2
9 | Vertical connection-East 22°C allyear |c4 IG1 06 V2
10 | N1-Electricity room-West 22°C allyear | C6 1G9 07 V1
11 | N1-Electricity room-East 22°C allyear |6 1G9 07 Vi1
12 | N3-Bagage delivery hall 22°C allyear |C1 IG3 04 V2
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13 | N3-Shops 22°C allyear | c4 IG6 04 V2
14 | N3-Office 22°C allyear |C2 1G4 05 V2
15 | N3-Private toilets 22°C all year 1G2 06 -
16 | N3-Smoking lounge 22°C allyear | c4 IG1 01 2!
17 | N3-HVAC room 22°C all year IG1 07 -
18 | N3-Electricity room 22°C allyear |6 1G9 07 V1
19 | N4-Public toilets 22°C allyear |c4 1G9 06 -
20 | N4-Horizontal circulation 22°C all year IG1 06 V2
21 | N4-Shops-North 22°C allyear |C4 IG6 04 V2
22 | N4-Shops-Middle 22°C allyear |C4 IG6 04 V2
23 | N4-Shops-South 22°C allyear |C4 IG6 04 V2
24 | N4-Smoking lounge-South 22°C allyear |C4 IG1 01 V4
25 | N4-Smoking lounge-North 22°C allyear |C4 IG1 01 V4
26 | Vertical connection-North 22°C allyear |C4 1G1 06 V2
N4-Restaurant technical room- | 22°C all year 1G2 07
27 | West - -
N4-Restaurant technical room- | 22°C all year 1G2 07
28 | East - -
29 | N4-Electricity room-North 22°C allyear |C6 1G9 o7 V1
30 | N4-Electricty room-South 22°C allyear | C6 1G9 07 V1
31 | Vertical connection-Middle 22°C allyear | c4 IG1 06 V2
32 | N4-HVAC room 22°C all year IG1 07 -
33 | N5-Security check 22°C allyear |3 IG3 02 V2
34 | N5-Shops 22°C allyear |c4 IG6 04 V2
35 | N5-Horizontal circulation 22°C all year IG1 06 V2
36 | N5-Office 22°C allyear | C2 1G4 05 V2
37 | N5-Private toilets 22°C all year 1G2 06 -
38 | N5-Electricity room 22°C allyear | C6 1G9 o7 V1
39 | N6-Horizontal circulation 22°C all year IG1 06 V2
40 | N6-Shops 22°C allyear |C4 IG6 04 V2
41 | N6-Private toilets 22°C all year 1G2 06 -
42 | N6-Electricity room-South 22°C allyear | C6 1G9 07 Vi1
43 | N6-HVAC room 22°C all year IG1 o7 -
44 | N6-Electricity room-North 22°C allyear |C6 1G9 07 V1
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Scenario ol 1| 2| 3| 4| 5| e 7| 8 9| 10| 11| 12| 13| 14| 15| 16| 17| 18| 19| 20| 21| 22| 23
c1 26| 26| 26| 26| 26| 26| 26| 26| 26| 26| 26| 26| 26| 26| 26| 26| 26| 26
‘ c2 26| 26| 26| 26| 26| 26| 26| 26| 26| 26| 26| 26| 26| 26| 26| 26| 26| 26| 26| 26
i‘iﬂ!?.i c3 26| 26| 26| 26| 26| 26| 26| 26| 26| 26| 26| 26| 26| 26| 26| 26| 26| 26| 26| 26
co  |ca 26| 26| 26| 26| 26| 26| 26| 26| 26| 26| 26| 26| 26| 26| 26| 26| 26| 26| 26| 26| 26
cs | 23| 23| 23| 23| 23| 23| 23| 23| 23| 23| 23| 23| 23| 23| 23| 23| 23| 23| 23| 23| 23| 23| 23| 23
c6 | 35| 35| 35| 35| 35| 35| 35| 35| 35| 35| 35| 35| 35| 35| 35| 35| 35| 35| 35| 35| 35| 35| 35| 35
161 6| 6 6 6/ 6| 6| 6 6 6 6 6| 6 6 6 6 6| 6| 6 6 6 6| 6| 6 6
G2 | 10| 10| 10| 10| 10| 10| 10| 10| 10| 10| 10| 10| 10| 10| 10| 10| 10| 10| 10| 10| 10| 10| 10| 10
163 | 20| 20| 20| 20| 20| 20| 20| 20| 20| 20| 20| 20| 20| 20| 20| 20| 20| 20| 20| 20| 20| 20| 20| 20
internal 1164 | 21| 21| 21| 21| 21| 21| 21| 21| 21| 21| 21] 21| 21| 21| 21| 21| 21| 21| 21| 21| 21] 21| 21] 21
gain  |IG6 | 25| 25| 25| 25| 25| 25| 25| 25| 25| 25| 25| 25| 25| 25| 25| 25| 25| 25| 25| 25| 25| 25| 25| 25
scenario 18 | 27| 27| 27| 27| 27| 27| 27| 27| 27| 27| 27| 27| 27| 27| 27| 27| 27| 27| 27| 27| 27| 27| 27| 27
(W/m2) 1G9 | 40| 40| 40| 40| 40| 40| 40| 40| 40| 40| 40| 40| 40| 40| 40| 40| 40| 40| 40| 40| 40| 40| 40| 40
1611 | 126| 126 126 126| 126| 126| 126| 126 126| 126| 126| 126| 126| 126| 126| 126| 126| 126| 126 126| 126 126] 126 126
1612 | 176| 176 176| 176| 176 | 176| 176| 176 176| 176 | 176| 176| 176| 176| 176| 176 | 176| 176| 176 176| 176 | 176| 176| 176
IG13 |18 |18 |18 |18 |18 [18 [18 |18 [18 |18 [18 [18 [18 |18 |18 |18 [18 [18 |18 |18 |18 [18 [18 |18
02 |0.25/0.25]0.25]0.25]0.25|0.25|0.25]0.25|0.25 | 0.25 | 0.25 | 0.25 | 0.25 | 0.25 | 0.25 [ 0.25 | 0.25 | 0.25 | 0.25 | 0.25 | 0.25 | 0.25 | 0.25 | 0.25
Occupancy |03 | 0.2 02] 0.2] 0.2] 02| 0.2] 02| 02| 02| 0.2] 02| 02| 02] 0.2] 0.2] 02| 0.2] 0.2 02| 0.2] 02| 02| 0.2] 0.2
scenario |04 |0.17]0.17]0.17]0.17|0.17]0.17]0.17]0.17]0.17|0.17|0.17] 0.17] 0.17] 0.17 | 0.17 | 0.17 | 0.17] 0.17 | 0.17 | 0.17 | 0.17 | 0.17] 0.17 | 0.17
(person/m?) |05 |0.14{0.14|0.14|0.14|0.14|0.14|0.14 | 0.14 | 0.14 |0.14 | 0.14 | 0.14 | 0.14 | 0.14 | 0.14 | 0.14 | 0.14 | 0.14 | 0.14 | 0.14 | 0.14 | 0.14 | 0.14 | 0.14
06 |0.10/0.10]/0.10]0.10]0.10|0.10/0.10]0.10]0.10]0.10]0.10|0.10|0.10]0.10|0.10|0.10|0.10 | 0.10] 0.10] 0.10| 0.10] 0.10 | 0.10 | 0.10
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o7 0.03/0.03{0.03/0.03/0.03/0.03/0.03{0.03{0.03/0.03{0.03/0.03|/0.03/0.03/0.03{0.03|0.03/0.03{0.03{0.03({0.03|/0.03|0.03|0.03
08 0.020.02{0.02|0.02|0.02|0.02|0.02{0.02|0.02|0.02{0.02{0.02|0.02|0.02|10.02{0.02|0.02|0.02{0.02{0.02(0.02|0.02]|0.02|0.02
Ventilation |v1 0.5/ 05| 0.5| 05| 05| 0.5 0.5({ 0.5 05| 05| 0.5/ 05| 05| 05| 0.5f{ 0.5({ 05| 05| 05| 05| 05| 05| 0.5 05
scenario |y 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
(vol/h) V4 10 10| 10| 10| 10 10| 10| 10| 10| 10| 10| 10| 10 10| 10| 10| 10| 10| 10| 10| 10 10| 10| 10
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3.4 Results of the dynamic thermal simulation
3.4.1 Terminal 2B

A simulation was performed for the model of terminal 2B. The time for analyzing the file during
the pre-calculation period is around 30 minutes. The calculation time of this model for one
simulated year is around 2 hours 30 minutes.

The Sankey diagram of the yearly balance of terminal 2B is shown in the figure below.

AN

Metabolic heat: 3883154 KWh
T

% Facilities gains: 7074633 KWh
) g

il B
Y Solar gains: 1028612 kWh

/

Met thermal needs: 1633373 kWh

Technical losses

Figure: Sankey figure for the simulation of terminal 2B

The net heating area is 44 200 m? and the net cooling area is 36 000 m2.The total annual heating
and cooling loads are 1 635 375 kWh and 3 271 009kWh, respectively, which corresponds to 37
kWh/m? and 91 kWh/m2. The heating and cooling powers are shown in the figure below. The
maximal heating power is 1728 kW and the maximal cooling power is 2743 kW. These values may
be reduced by considering a slower temperature variation when starting heating or cooling in the
early morning. The main contribution of the heating load comes from the boarding hall on level
N4, which is around 28% of the total heating load. The boarding hall on level N4 still contributes
the most cooling load (22% of the total cooling load), with a cooling load of 74 kWh/m?2.
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Figure: Hourly heating and cooling power in the simulation of terminal 2B

The temperature and heating/cooling power of the boarding hall on level N4 are shown in the
figure below. During the heating season, the temperature is always above 22°C. In summer, the
temperature could be higher than 26°C because during night the cooling systems are off for three
hours between 23h and 2h. The highest temperature is 30.4°C. The maximal heating and cooling
power are 516 kW and 885 kW, respectively (again, these values may be reduced by considering
a slower temperature variation when starting heating or cooling in the early morning). The
discomfort rate is 2%. Its annual solar gain is 321 618 kWh and internal gain is 1 547 775 kWh.
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| [l v4-1G138-AL1 Heating22CoalingMoChange-2022/M4-Bording Hall v4-I1G18-ALLHeating22CoolingMoChange-2022M4-Bording Hall
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27,5 °C
! 0w
27 °C
- 100 000 W
26,5 °C
26 °C - 200000 W
25,5 °C - 300000 W
25°C - 400 000 W
245°C - 500 000W
24 9C
- 00 000W
23,5 °C
23 oC I - 700 000W
22,5 °C “ - §00000W
2= - “l - 500 000W
09/01-00 10/03-00 09/05-00 08/07-00 06/09-00 05/11-00

Figure: Temperature and heating/cooling power of the boarding hall on N4 in the simulation of
terminal 2B

3.4.2 LinkBD

The Sankey diagram of the yearly balance of BD link is shown in the figure below. The net heating
areais 23 230 m? and the net cooling area is 16 300 m2.The total annual heating and cooling loads
are 696 900 kWh and 1 793 600 kWh, respectively, which corresponds to 30 kWh/m? and
110 kWh/m?2. The heating and cooling powers are shown in the figure below. The maximal heating
power is 783 kW and the maximal cooling power is 1273 kW (again, these values may be reduced
by considering a slower temperature variation when starting heating or cooling in the early
morning).
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Figure: Sankey figure for the simulation of link BD
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Figure: Hourly heating and cooling power in the simulation of link BD
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The main contribution of the heating load comes from the zone N5-horizontal circulation, which
is around 30% of the total heating load. The temperature and heating/cooling power of the zone
N5-horizontal circulation are shown in the figure below. During the heating, the temperature is
always above 22 °C. In summer, there is no cooling setpoint for this area. The highest temperature
is 36.3 °C. The maximal heating power is 116 kW (again, this value may be reduced by considering
a slower temperature variation when starting heating or cooling in the early morning). The
discomfort rate is 25 %. Its annual solar gain is 187 297 kWh and internal gain is 131 288 kWh.

B v4-newlG-ALLHeating22CoolingMoChange-2022/M5-Horizontal dralation
v4-newlG-ALLHeating22CoolingMoChange-2022/N5-Horzontal dradation

170 000 W
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3490 140 000 W
- 130 000 W
—_— 120 000 W
110 000 W
e 100 000 W
30=C 30 000 W
29°C 80 000 W
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37 5¢ &0 000 W
26 oC 50 000 W
s e ! | 40 000 W
30 000 W
24%C | ' 20 000 W
23°C h l 10 000 W
229C Li ow

09/01-00 10/03-00 09/05-00 08/07-00 06/09-00 05/11-00

Figure: Temperature and heating/cooling power of N5-horizontal circulation in the simulation of
link BD

The zone N3-bagage delivery hall contributes 25.3% of the cooling load, which is the most, with a
cooling load of 97 kWh/m?2. The temperature and heating/cooling power of the zone N3-bagage
delivery hall are shown in the figure below. During the heating, the temperature is always above
22 °C. In summer, the cooling temperature is maintained at 26 °C but it could be higher because
the cooling system is switched off during night. The highest temperature is 32.1 °C. The maximal
heating and cooling power are 111 kW and 395 kW, respectively (again, these values may be
reduced by considering a slower temperature variation when starting heating or cooling in the
early morning). The discomfort rate is 10 %. Its annual solar gain is 48 765 kWh and internal gain
is 817 469kWh.
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B v4-newlG-ALLHeating22CoolingNoChange-2022/M3-Bagage delivery hall
v4-newlG-ALLHeating22CoolingMoChange-2022/N3-Bagage delivery hall
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Figure: Temperature and heating/cooling power of N3-bagage delivery hall in the simulation of
link BD

3.5 Results of the life cycle assessment
3.5.1 Goal and scope definition

The main goal of LCA for this study is to evaluate the environmental impacts such as CO2 emission
and primary energy consumption of the airport terminal 2B and the link BD, then compare the
impacts of the existing buildings to the optimized proposals.

The evaluation scope covers the entire life cycle (which is assumed to be 50 years) of the building,
consisting of the construction stage, the use stage, the renovation stage (depending on the lifespan
of building materials and components) and the deconstruction stage. The system boundaries
include the processes related to building operation, e.g. district heating using gas and wood for
heating and domestic hot water (DHW), upstream processes (e.g. materials fabrication) and
downstream processes (e.g. landfill or recycling of materials at end-of-life). Because the project is
related to renovation of terminals, materials corresponding to foundations are not accounted for,
and neither equipment like computers nor other devices. Focusing on the environmental impacts
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of the building, the daily transportation of the persons and waste generation by users are not
considered.

The functional unit is 1 m? over one year based on a lifespan of 50 years for the terminal 2B and
link BD of airport CDG located near Paris.

3.5.2 Inventory analysis

The amount of each material is calculated using the LCA tool EQUER of Pleiades and the
corresponding element in the ecoinvent® database is used in the evaluation. For instance, if a
manufacturer name is used for the insulation in the model (e.g. PSE therm TH32), the
corresponding element has to be identified in ecoinvent (here, polystyrene). Version 3.4 of
ecoinvent is used in this study. The amounts of materials of link BD are summarised in the
following table.

Table: Materials in link BD and corresponding LCI items in ecoinvent

Name LCl item in ecoinvent Masse Unit |
Acier (générique) Acier fortement allié 38 602.36 kg
Béton lourd Béton B25 13 933 484.98 kg
Default _default 125 242.06 m?
Enduit extérieur Enduit extérieur minéral 97 055.30 kg
Isolant PSE Therm TH32 Polystyréne expansé 8 642.04 kg
Isolant ROCKFEU Laine de roche 34 321.14 kg
Laine de bois Laine de roche 284 472.48 kg
Laine de verre Laine de verre 10 621.80 kg
Lame d'air > 1.3 cm Aucune association 344.72 kg
OLGA-Glazing-V200 Aluminium double vitrage 292.14 m?
OLGA-Glazing-V202 Aluminium double vitrage 531.47 m?
OLGA-Glazing-V204 Aluminium double vitrage 69.81 m?
OLGA-Glazing-V205 Aluminium double vitrage 395.82 m?
OLGA-Glazing-V209 Aluminium double vitrage 1052.23 m?
OLGA-Glazing-V210 Aluminium double vitrage 377.13 m?
Parpaing de 20 Parpaing de béton cellulaire 140 782.94 kg
Placoplatre BA 13 Platre - plaque 507 887.74 kg
Weber therm Ultra 22 Polyuréthane - mousse 2776.23 kg

In the assumptions, the weights of fabricated materials are 5 % higher than the needed materials
in order to account for on-site processes, broken elements and superfluous purchased quantities.
The materials are transported by truck over 100 km. The building elements lifespans are 10 years
for finishes, 20 years for equipment, 30 years for windows and doors, and 50 years for the building
itself. The materials and equipment are replaced at their end of life in the renovation stage. The

5 ecoinvent is a global reference database specializing in life cycle inventory (LCI) data, used to assess the
environmental impacts of products and services through life cycle assessment (LCA).
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distance from the material factories to the construction site is assumed as 100 km. These
assumptions could be done in the software interface as shown below.

*) Pleiades ACV OLGA_connection_BD / v4-newl|G-ALLHeating22CoolingNoChange-2022 / ACV : v4-newlG-ALLHeating22CoolingNoChange-2022-mix

Fichier Affichage Outils Aide

b = 4] ==
sl =g 2 H g =
L) i Save variant data without impacts calculation|f Results District

' Général @ Environmental library % Library match Iiﬂf Project data @g Project match

[1ake into account occupants daily transport!

[ simipify by treating all material as inert waste on end of life

[5%]%

Element categories default typical lifespan

years Glazing
D

years Glazing

Construction site material surplus

Indoor Doors

years
ljl years

] same as building

Cladding years
Cladding years

Facades Doors

Overall  Equipments years  Others

Transportation distances
Site to landfill at the end of life km

Production site to yard km

Figure: Interface of assumption settings in Pleiades LCA

The treatments of the materials at end of life are landfilling, incineration or recycling. The concrete
and the steel are supposed to be recycled at a recycling rate of 100%, 50% for aluminium double
glazing windows. Polystyrene and polyurethane are assumed to be incinerated and the other
materials are supposed to be landfilled. The distance from the site to landfill plant in the
deconstruction stage is 20 km.

0‘ Pleiades ACV  OLGA_connection_BD / vé-new!G-ALLHeating22CoolingNoChange-2022 / ACV : vé-newlG-ALLHeating22CoolingNoChange-2022-mix

e g &
Project o o0 Results District

o e (5

A
@9
i oject match

Lifes...

Ty.. Composition Name Production Elimination Elimination : Avoided impact
] Lame d'air > 13 cm - © Nomatch © Nomatc

RS Isolant PSE Therm TH32 100 @ Polystyréne expansé s Polystyréne - kg - incinération

1] OLGA-Glazing-V205 100 @ Aluminium double vitrage 5 Aluminium double vitrage - m2 - recyclage Aluminium double vitrage (50%)
K Laine de bois 100 g4 Laine de roche iI] Déchet inerte - kg - décharge

“ Béton lourd 100 gd BétonB2S 3 Béton B25 - kg - recyclage Gravier concassé

] Parpaing de 20 100 @4 Parpaing de béton cellulaire 3 Béton B25 - kg - recyclage Gravier concassé

*1] OLGA-Glazing-V210 10 @4 Aluminium double vitrage 5 Aluminium double vitrage - m2 - recyclage Aluminium double vitrage (50%)
1] OLGA-Glazing-V202 100 @ Aluminium double vitrage %3 Aluminium double vitrage - m2 - recyclage Aluminium double vitrage (50%)

Default 100 @d _default © Nomatch

% Enduit extérieur 100 @8 Enduit extérieur minésal i Déchet inerte - kg - décharge

N Isolant ROCKFEU 100 @i Laine deroche i) Déchetinerte - kg - décharge

“ Laine de verre 100 g4 Laine de verre Il Déchet inerte - kg - décharge

(] Placoplatre BA 13 0 @d Plitre - plaque il Déchetinerte - kg - décharge

@ OLGA-Glazing-V204 100 gd  Aluminium double vitrage i3 Aluminium double vitrage - m2 - recyclage Aluminium double vitrage (50%)
N Weber therm Ultra 22 100 @i Polyuréthane - mousse ¥ Polyuréthane - kg - incinération

“ Acier (générique) 100 @l Acier fortement allié 3 Acier - kg - recyclage Acier fortement allié

[o4] OLGA-Glazing-V209 100 gd  Aluminium double vitrage 5 Aluminium double vitrage - m2 - recyclage Aluminium double vitrage (50%)
@ OLGA-Glazing-V200 100 gd Aluminium double vitrage 3 Aluminium double vitrage - m2 - recyclage Aluminium double vitrage (50%)

Figure: Interface of life end settings of materials in Pleiades LCA
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The total number of occupants, resulting from ratios of m? per person for different uses, is 3138
and the useful (net) area (SURT) is assumed to be 22,833 m2 for link BD. These could be set in the
interface below. The corresponding values for terminal 2B are 5579 occupants for 44,200 m?2.

®) Pleiades ACV OLGA_connection_BD / v4-newlG-ALLHeating22CoolingNoChange-2022 / ACV : v4-newl|G-ALLHeating22CoolingNoChange-2022-mix

Fichier Affichage Outils Aide

A L =, i

) & | Save variant data without impacts calculation

y———TOEET—rT 1 Results District
Main data @ Elements Q Energy A ‘Water @m ‘o6 Transport

Oc

Données

Nombre d'occupants du batiment SHON RT m* Nombre d'occupants / m* SHON RT SHAB ou SURT m? Surface plancher m* Gestion des occupants

| 313847 o[ = 22833 | o 8:::: bitiment

[C] Gérer le détail des occupants par zone

Figure: Interface of occupant number and useful (net) area settings in Pleiades LCA

Regarding the energy consumption, there are four main uses to be considered: heating, cooling,
DHW and specific electricity (including lighting and ventilation). Heating and DHW are provided
by district heating based upon 75% natural gas and 25% wood. The cooling is supplied by a heat
pump driven by electricity with an Energy Efficiency Ratio (EER) of 4. The specific electricity is
supplied by the electricity grid. The electricity network loss is 9%. An hourly dynamic electricity
mix in France is considered, corresponding to an average over 50 years according to a scenario
provided by the French Environment Agency (ADEME). These could be set in the interface below.
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e Pleiades ACV  OLGA_connection_BD / v4-newl|G-ALLHeating22CoclingNoChange-2022 / ACV : v4-newlG-ALLHeating22CoolingNoChange-2022-mix

Fichier Affichage Outils Aide
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Figure: Interface of energy settings in Pleiades LCA

The water network leakage is set at 20 % (average in French cities), and the hot and cold-water
consumptions are set at 1 liter/day/person and 10 liters/day/person. The daily transportation of
the persons and waste generation are 0. These could be set in the interface below.
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ecoinvent 3.4.16 EF3.0 ReCiPe2016 CR OLGA_connection_BD / v4-newlG-ALLHeating22CoolingNoChange-2022 / ACV : v4-newlG-ALLHeating22CoolingNoChange-2022-mix

3.5.3 Impact assessment

3.5.3.1 Terminal 2B

A Reéinitialiser

The number of elements being very large, the maximum size of the model had to be increased.

LCA results are indicated in the table below.

Table: The environmental impact (per m2 and per year) of Terminal 2B in the four stages of its life

span
Impact/m2/year Construction Use Renovation Deconstruction Total
Climate change (kg CO: eq.) 1,17E+00 3,64E+01 | 7,17E-01 3,11E-01 3,86E+01
Abiotic depletion potential, minerals and metals
(kg Sb eq.) 1,15E-05 2,24E-05 | 4,11E-06 -1,61E-07 3,78E-05
Total primary energy use, without raw material
(MJ) 1,60E+01 1,69E+03 | 1,15E+01 -6,28E+00 1,71E+03
H 3
Net water consumption (m°) 537E-02 | 4,90E+00 | 4,55E-02 -2,08E-02 4,97E+00
Eliminated wastes, total (kg) 4,62E-01 | 9,12E+00 | 3,95E-01 | 5,66E-01 1,05E+01
Eliminated radioactive wastes (kg) 519E-05 | 874E-03 | 2,68E-05 | -517E-05 8,77E-03
Total damage, ecosystem quality, ReCiPe2016 - H
(species.yr) 6,38E-09 9,28E-08 | 4,93E-09 8,36E-10 1,05E-07
Total damage, human health, ReCiPe2016 - H
(DALY) 2,47E-06 4,70E-05 | 1,87E-06 2,61E-07 5,16E-05
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OLGA CDG T2B / Longv4 / Longv4

Etapes
Changement climatique (kg CO2 eq.)

Figure: CO2 equivalent emission of different stages and different processes/elements for
Terminal 2B

The use stage, and particularly electricity consumption, is the largest contributor in greenhouse
gases emissions.
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OLGA CDG T2B / Longv4 / Longv4

Etapes
Consommation totale d'énergie primaire (MJ)

Figure: Total primary energy use of different stages and different processes/elements for
Terminal 2B

Again, electricity consumption is the largest contributor.
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Figure: Contribution of life cycle stages to eight different environmental impact indicators for

Terminal 2B

3.5.3.2 Link BD

The environmental impacts of link BD are listed in the table below. The use stage is the main
contributor among the four stages for all impact indicators. CO2eq emission is 40 kg/mZ2.year over
the whole lifespan. The total primary energy is 1795 MJ/m2.year. The specific electricity
consumption generates most CO2eq emission and primary energy. For the abiotic depletion
potential, the construction stage contributes by 31 %. Cooling is only the 4t contributor for CO2eq

emission, and 3™ for the primary energy.

Table: The environmental impact (per m? and per year) of the link BD in the four stages of its life

span
Impact/m2/year Construction Use Renovation | Deconstruction |  Total

Climate change (kg CO: eq.) 1.95 37.23 0.62 0.03 39.83
Abiotic depletion potential, minerals and metals | 1.28E-05 2.42E-05 | 3.79E-06 | 4.59E-09 4.08E-05
(kg Sb eq.)
Total primary energy use, without raw material | 19.78 1765.75 | 9.79 0.13 1795.45
(MJ)
Net water consumption (m?) 0.07 5.26 0.04 0.00 5.36
Eliminated wastes, total (kg) 0.92 9.81 0.35 0.82 11.90
Eliminated radioactive wastes (kg) 5.85E-05 9.36E-03 | 2.11E-05 | 8.07E-07 9.44E-03
Total damage, ecosystem quality, ReCiPe2016 - | 8.56E-09 8.80E-08 | 4.85E-09 | 1.15E-10 1.01E-07
H (species.yr)
Total damage, human health, ReCiPe2016 - H | 3.96E-06 477E-05 | 1.64E-06 | 3.91E-08 5.33E-05
(DALY)

This document is property of the OLGA Consortium and shall not be distributed or reproduced

without the formal approval of the Consortium

103/214



OLGA_D4.5_Report including a methodology proposal for design and conception of refurbished
airport Terminals_ARMINES_20251119_v1.docx

\

OLGA_connection_BD / v4-newIG- olingNoChange-2022 / v4-newlG-

ALLHeating22CoolingNoChange-2022-mix
Etapes
Climate change (kg CO2 eq.)

Figure: CO2 equivalent emission of different stages and different processes/elements for link BD
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OLGA_connection_BD / v4-newl|G- olingNoChange-2022 / v4-new!|G-
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Figure: Total primary energy use of different stages and different processes/elements for link BD
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Figure: Contribution of life cycle stages to eight different environmental impact indicators for

3.5.4 Interpretation

link BD

It is possible to compare the impact indicators of the studied building to reference values, but such

a benchmark is available only for residential buildings, offices, or schools. As an order of magnitude,

greenhouse gases emissions range from 5 (best practice) to 160 (highest impact) kg CO>
eq./m?/year for apartment buildings and offices.

Results obtained for Terminal 2B could constitute a first contribution in a benchmark related to
airport spaces. The following table provides impacts per m? for 4 types of spaces: check-in,

boarding, security and border check, and shops. The system includes materials corresponding to

the building envelope, excluding foundations and devices used inside the building like computers,

servers etc.

Impact indicators per m?/year, check-in zone
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Impact/m?/year Construction Use Renovation Deconstruction Total |
Climate change (kg CO: eq.) 1,09E+00 3,65E+01 5,40E-01 4,82E-01 3,86E+01
Abiotic depletion potential, minerals and metals 1,41E-05 3,11E-05 3,04E-06 -2,31E-07 4,80E-05
(kg Sb eq.)
Total primary energy use (MJ) 1,76E+01 1,68E+03  8,57E+00 -9,04E+00 1,69E+03
Net water consumption (m?3) 5,80E-02 4,98E+00 3,37E-02 -2,97E-02 5,04E+00
Eliminated waste, total (kg) 4,43E-01  1,06E+01 2,94E-01 4,26E-01 1,18E+01
Radioactive waste (kg) 5,15E-05 8,85E-03 2,04E-05 -7,44E-05 8,85E-03
Total damage, ecosystem quality, ReCiPe2016 - 6,37E-09  4,94E-08 3,64E-09 1,30E-09 6,07E-08
H (species.yr)
Total damage, human health, ReCiPe2016 - H 2,39E-06  4,20E-05 1,40E-06 4,08E-07 4,62E-05
(DALY)
Impact indicators per m?/year, boarding zone

Impact/ m?/year Construction Use Renovation Deconstruction Total
Climate change (kg CO: eq.) 758E-01 391E+01  7,59E-01 4,60E-01 4,11E+01
Abiotic depletion potential, minerals and metals
(kg Sb eq.) 5,60E-06 2,74E-05  3,91E-06 -2,68E-07 3,66E-05
Total primary energy use (MJ) 1,59E+01 1,74E+03  1,17E+01 -1,03E+01 1,76E+03
Net water consumption (m°) 503E-02 4,89E+00  4,35E-02 -3,39E-02 4,95E+00
Eliminated waste, total (kg) 4,25E-01  9,93E+00 3,83E-01 1,46E-01 1,09E+01
Radioactive waste (kg) 4,96E-05  8,74E-03 3,01E-05 -8,46E-05 8,73E-03
Total damage, ecosystem quality, ReCiPe2016 -
H (species.yr) 5,51E-09  8,33E-08 4,55E-09 1,20E-09 9,46E-08
Total damage, human health, ReCiPe2016 - H
(DALY) 2,11E-06  4,77E-05 1,93E-06 3,71E-07 5,21E-05
Impact indicators per m?/year, security and border check

Impact/ m?/year Construction Use Renovation Deconstruction Total
Climate change (kg CO: eq.) 1,28E+00 3,52E+01  6,79E-01 1,12E-02 3,72E+01
Abiotic depletion potential, minerals and metals
(kg Sb eq.) 4,99E-06  3,70E-05  3,80E-06 -1,93E-09 4,58E-05
Total primary energy use (MJ) 1,20E+01 1,67E+03  1,08E+01 -8,95E-02 1,69E+03
Net water consumption (m°) 419E-02 520E+00  4,21E-02 -3,45E-04 5,28E+00
Eliminated waste, total (kg) 3,51E-01 1,18E+01  3,67E-01 1,97E-01 1,27E+01
Radioactive waste (kg) 4,26E-05  9,20E-03 2,57E-05 -8,04E-07 9,27E-03
Total damage, ecosystem quality, ReCiPe2016 -
H (species.yr) 560E-09 1,25E-08  4,54E-09 3,57E-11  2,27E-08
Total damage, human health, ReCiPe2016 - H
(DALY) 2,34E-06  3,72E-05 1,76E-06 1,17E-08 4,13E-05

Impact indicators per m2/year, shops
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Because the goal of the study is to compare the optimized cases, the interpretation is described
in more detail in section 3.6.

3.6 Optimisation results

The optimisation process was performed using the tool Amapola developed by Kocliko, which was
integrated in Pleiades by Izuba. The optimisation is based on a genetic algorithm and it is possible
to determine the best design choices to achieve performance objectives according to energy,
comfort and overall cost criteria.

The optimisation process requires numerous simulations regarding different design parameters
such as thermal insulation layer thicknesses and window types, so this needs a large amount of
calculation time. It is only used for the model link BD, because one simulation for this model is
around 3 minutes, which is acceptable for Amapola. On the contrary, one simulation for the model
terminal 2B is around 2 hours, since the number of total simulations could reach thousands, the
optimisation for this model will not be done in Amapola.

We did an optimisation analysis for link BD based on the targets of investment and heating load,
by considering 14 varying parameters, including the thicknesses of insulation layers of different
external walls, intermediate floor and roof (seven in total) which vary from 1 to 30 cm, and the
window types of seven windows categories which vary from double or triple glazings. This
corresponds to a total number of combinations of 700 billion. The numbers of individuals and
generations are set at 40 and 10. The price curves of insulation layers with different thicknesses
is shown in the figure below. The prices of double and triple glazings windows are 450 €/m? and
615 €/m?. The interfaces of Amapola settings are shown in the figures below.
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Impact/ m?/year Construction Use Renovation Deconstruction Total |

Climate change (kg CO: eq.) 539E-01 3,04E+01  3,49E-01 1,85E-03 3,13E+01
Abiotic depletion potential, minerals and metals

(kg Sb eq.) 1,84E-06  2,70E-05  2,17E-06 1,94E-09 3,10E-05
Total primary energy use (MJ) 4,79E+00 1,58E+03  5,74E+00 6,37E-02 1,59E+03
Net water consumption (m’) 1,76E-02 5,19E+00  2,40E-02 8,85E-05 5,23E+00
Eliminated waste, total (kg) 1,61E-01  1,01E+01 2,06E-01 4,14E-01 1,09E+01
Radioactive waste (kg) 1,77E-05  9,19E-03 1,24E-05 4,04E-07 9,22E-03
Total damage, ecosystem quality, ReCiPe2016 -

H (species.yr) 2,40E-09 3,56E-08  2,67E-09 1,35E-11  4,07E-08
Total damage, human health, ReCiPe2016 - H

(DALY) 9,55E-07  3,65E-05 9,32E-07 4,83E-09 3,84E-05
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Figure: Prices of insulation layers with different thicknesses
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Figure: Interface of Amapola for setting insulation thickness of different walls
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Figure: Interface of Amapola for setting glazing types of different window categories
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Figure: Interface of Amapola for setting numbers of individuals and generations

The optimisation results by Amapola are shown in the figure below. There are 36 points number
from case 1 to 36 indicating the optimised designs which provide the lowest heating load at a
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certain investment. We propose to consider the three points (case 9, 10 and 11) in the red
rectangle, because they provide the best rate of performance to investment. On the left of the
rectangle, the performance is low and on the right the performance does not increase much with
the investment. Case 1 indicates the worst heating load performance but lowest investment and
case 36 indicates the best heating load performance but highest investment.
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Figure: Optimisation results based on criteria heating load and investment

All cases 9, 10 and 11 have low insulated intermediate floors but well insulated roofs (25 cm,
compared to 18 cm in the reference case) and low emissivity double glazing. They differ in the
insulation thickness in the different vertical walls (according to the level and orientation), from 2
to 16 cm (10 cm in the reference case). The investment and heating load of each optimised case
are shown in the table below, as well as the reference case (the existing building in section 3.4,
considered as a reference).

Table: Investments and heating loads of the optimised cases and the reference case

Nb.Case Investment Heating load Cooling load
€ kWh kWh
9 1445 562 682 740 1991 980
10 1480 107 667 417 2008 165
11 1499 147 655 566 2018 104
Reference 1 569 006 696 909 1793 614

According to these results, around 100,000 € could be saved while reducing the heating load by
2%, but the cooling load is increased. This adverse effect could be avoided by a free cooling
strategy, which will be studied in a second step (see below).

LCA was performed for the four cases, as shown in the figures below. It can be inferred that the
reference case during the construction stage has smaller impacts compared to other three cases.
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Considering the whole life span, the four cases have similar impacts, especially the CO2 equivalent

emission and the total primary energy use.
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Figure: Environmental impacts comparison (per m?2 per year) during the construction stage
between case 9 (in yellow), case 10 with (in red), case 11 (in green) and the reference case (in

blue)
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It could be interesting to compare case 10 with
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the least investment (case 1), and the case with

highest performance (case 36). The environmental impacts comparison during the construction

stage is shown in the figure below. It could be in
36 has the highest impacts.

ferred that case 1 has the least impacts and case
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Figure: Environmental impacts (per m? per year) comparison during the construction stage
between case 1 (in blue), 10 (in yellow) and 36 (in red)

The environmental impacts comparison between case 1, 10 and 36 for the total life cycle is shown
in the figure below. It is indicated that case 1 has the largest impacts though it has the least during
the construction stage. Case 10 and case 36 has similar impacts, showing that the optimisation
process could help to reduce the investment cost but maintaining a good level of environmental
performance.
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Figure: Environmental impacts (per m? per year) comparison during the whole life span between
case 1 (in blue), 10 (in yellow) and 36 (in red)

Application of a free cooling strategy

Thermal insulation may in some cases increase the cooling load of a building if solar and internal
gains cannot be evacuated. One way is a free cooling strategy, e.g. creating an air flow by natural
ventilation if it is too warm inside and cooler outside.

Here we propose an opening control to reduce the cooling load. When the outdoor temperature
is 1 °C lower than the current zone temperature, we assume that some opening will be opened and
this brings a natural ventilation of 10 vol/hour. This control stops once the outdoor temperature
is higher than the current zone temperature or the current zone temperature is smaller than 26 °C.
The setting interface is shown in the figure below. This control was applied to case 10. The yearly
heating and cooling loads are 29 kWh/m? and 48 kWh/m?2, respectively, which are 2 % higher and
44 % lower than case 10 without free cooling.
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Figure: Interface setting for the controlled ventilation in case 10

The LCA comparison is shown below for case 10 with and without free cooling. It can be inferred
that with opening control, the nuclear waste decreases since the cooling is supplied by a higher
efficiency heat pump with an EER of 4, and the electricity mix is with a high nuclear percentage.
CO2 equivalent emission slightly increases because the heating load increases and it is supplied
75% by natural gas.

If solar protection is added from April to September (60% reduction of solar factor on all windows),
the cooling load is reduced by another 14% (and even 22% in the shops of level 5 where facades
are largely glazed), reaching 41 kWh/m?2 per year.
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Effect of free cooling

e 1) @10 +free cooling

Climate change (kg CO2 eq.)

Abiotic depletion potential,
minerals and metals (kg
Sb eq.)

Total damage, human health,
ReCiPe2016 - H (DALY)

Total damage, ecosystem
quality, ReCiPe2016 - H
(species.yr)

Total primary energy use
(MJ)

Radioactive waste (kg) Net water consumption (m3)

Eliminated waste, total (kg)

Figure: Environmental impacts (per m2 per year) comparison during the whole life span between
case 10 with (in yellow) and without free cooling (in blue)

The reason of this small difference is the importance of contributors which are not influenced by
free cooling; impacts related to materials, electricity, and water.

4 Results for a future project
4.1 Presentation of the project

The building studied in this project is Terminal 2A of Charles de Gaulle Airport, as shown in the
photograph below. The project corresponds to the renovation of this building.

Figure 4-1: The photo of Terminal 2A.
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The present building has no insulation (walls, floors, roof). Facades include partly single glazing,
and partly low performance double glazing. It is heated by a district heating system, heat being
generated by 75% gas and 25% wood. In this project, the renovation of the envelope is studied,
and compared with an action on the district heating: lowering the % of gas generation, by
integrating a geothermal heat source and heat pumps.

4.2 Elaboration of the building model

Based on the studies and comparisons conducted in the previous chapter, it was concluded that
generating a Pleiades model from AutoCAD files in the Modeler is the most robust and efficient
method for creating a building model that can be used for thermal simulation. Therefore, in this
chapter, this approach is applied to the future refurbishment project in order to interactively
evaluate the energy and environmental impacts of various design and construction choices.

421 Import DWG file for each building level

The plan view of each floor can be drawn using the DWG file for each level, which can be imported
as a background image in Pleiades Modeler, as shown in the figure below. By activating the 'Snap
to CAD' function at the top toolbar, you can magnetically align wall points while drawing.
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Figure 4-2: The interface of importing the DWG file as a background.
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4211 Planview of all levels

For the initial version of the building model, we aimed to create a detailed and dedicated
representation that considered all design elements to ensure high accuracy. The plan views of each
level in the dedicated model are shown in Figure 4-3 to Figure 4-10.
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Figure 4-3: The plan view of level O.
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Figure 4-4: The plan view of level 1.
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Figure 4-5: The plan view of level 1bis.
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Figure 4-6: The plan view of level 3
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Figure 4-7: The plan view of level 3bis.
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Figure 4-8: The plan view of level 4.
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Figure 4-9: The plan view of level 5.
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Figure 4-10: The plan view of level 6.

4.2.1.2 Alignment of different levels
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It should be noted that once all levels are imported, the background images may not align
perfectly—for example, the default position of Level 1 might be significantly offset from Level O.
As such, some manual adjustments are required. One effective method is to first complete Level
0, then copy all elements to Level 1. Using the 'Move/Resize' option under the 'Background
picture' tab, the background image can then be adjusted until it aligns precisely with the
overlapping areas between Level O and Level 1 (see Figure 4-11). The same procedure applies to

the upper levels.
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Figure 4-11: Interface for moving and resizing background images to align levels.
4.21.3 Height of each level

The side section of the building is shown in Figure 4-12, from which the height of each floor can
be determined. For the curved roof, its average height was taken as a representative value.
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Figure 4-12: Side section of the building.
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4.2.1.4 Open floor of Mezzanine levels

Levels 1bis, 3bis, and 5 in Terminal 2A are mezzanine levels, meaning that most of the floor area
in these levels is open. In the DWG file, only the mezzanine structures are visible in some levels
(e.g., Level 1bis). However, this does not reflect the actual layout, so the outer boundaries should

be added manually to ensure consistency with the real building configuration, as seen in the figure
below.

(a) (b)
Figure 4-13: The level 1bis in the (a) DWG file and (b) Modeler.

By default, when a level is created in Pleiades Modeler, its floor covers the entire area. Therefore,
it is necessary to identify the parts of the floor that do not exist and set them as open in the
software, as illustrated in the figure below.
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Figure 4-14: The interface for changing the status of wall/floor in Modeler.

4.2.1.5 External wall attachment and evaluation of thermal bridges

After importing the DWG file of a given level into Modeler, all walls can be drawn along the existing
lines in the plan. However, since the walls in the DWG file have a certain thickness, it raises the
question of which side of the wall line should be followed when drawing. In this model, the inner
line of the wall was selected as the reference, as shown in Figure 4-15(a). Accordingly, the “inside”
setting was applied for the attachment of external walls, as illustrated in Figure 4-15(b). To
compensate for the underestimated heat losses resulting from this choice, thermal bridges were
added at the corners under the “default” tab, as shown in Figure 4-16. The values correspond to
the French regulation, based upon finite elements calculations.
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Figure 4-15: (a) Selection of wall side and (b) Default externals walls attachment.
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4.2.1.6 Doorsand windows
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“ < Incoming angle < 360°

ault thermal bridges.

In this project, “glazing doors” was used for all doors. As for windows, two different types (double

glazing windows and single glazing windows) were created in the library based on the information

provided by ADP.
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Figure 4-17: The interface of creating double glazing windows.
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Figure 4-18: The interface of creating single glazing windows.

It is convenient to draw the doors and windows based on the DWG file and the architectural
drawings, as shown in the figure below.
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Figure 4-19: The architectural drawings of the Terminal 2A.

Furthermore, doors and windows are classified according to their position in the plan view — those
located on external walls are defined as windows, while those on internal walls are considered
doors. Once all lines have been drawn, the length of each can be displayed by clicking the “Display
length of walls on sketch” button in the top right corner of the interface, as shown in the figure
below. This feature makes it easier to estimate the dimensions of doors and windows accurately.
When drawing the facades on the external walls, the width of each facade should be determined
based on the length of the corresponding wall. As you move the mouse, the distance from one
side of the window to the edge of the wall will appear, which helps accurately position the window
without exceeding the wall boundary. Additionally, users should pay attention to the height
differences between levels.
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Figure 4-20: The interface of displaying length of walls on the sketch.

4.2.2 Default settings of wall compositions
4.2.2.1 Creation of new compositions

Based on the information provided by ADP (see Table 4-1), the compositions for the floors, walls,
roof, windows, and other elements can be defined in Modeler under the 'Default’ tab, as shown in
Figure 4-21. “Default” means that these compositions are allocated to all walls, except if a specific
composition is indicated for some walls.

Table 4-1: Compositions information provided by ADP.

T2A
Facades The curtain walls are made of aluminum without thermal break.
Floors Technical areas: 10 cm concrete + 5 cm screed

Passenger areas: 10 cm concrete + 5 cm screed + 2 cm covering

Roofs 15 cm concrete

Internal walls 15 cm breeze block

2 cm plaster + paint.

Glazed elements | The characteristics of glazing is specified in Table 4-7.
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Figure 4-21: Interface of setting default compositions.

The detailed compositions can be found in Figure 4-22 to Figure 4-25. Insulation thickness of
0.001 m (i.e. nearly zero in the existing building before renovation) is considered in order to vary
this parameter in a further optimisation study.
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Figure 4-22: Detailed compositions of facades.
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Q Edit component — O X
B Project Library General Library

: Folder Last Modification: 1/24/2025 5:12:37 PM by Caipeng LIANGR]=8 o .. PV
P Murs »

% Name OLGA-T2A-Internal wall-no insulation

; Additional name -
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°
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o

(Ml Display materisls/elements/MCP bridges
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Figure 4-23: Detailed compositions of internal wall.
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[ edit component - [m} X
E Project Library General Library
Folder Last Modification: 2/25/2025 2:33:26 PM by Caipeng LIANGIS]#8 o .. YV .Y
» Planchers »
Name OLGA-T2A-Floor-Mobles-insulation
Additional name
Origin Plancher Béton brut
' Display materials felements/MCP fbridges
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Wall type for thermal bridge calculation and surface correction ~

3 @ shear wall () Light partition [ pisplay material details
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Béton lourd B 0.000 175
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Inside
Total 17 399 0.1
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Figure 4-24: Detailed compositions of floor.
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[ edit component - O X

El Project Library General Library

Folder Last Modification: 2/25/2025 12:11:00 PM by Caipeng LIANGE]#8 o .. FYVIER-_ Y
» OLGA-CDG » Verified compositions

Name OLGA-T2A-Roof

Additional name roof-T28: A
Beton 20 am

Laine de bois 18 am
Inside insulation

Origin P43

' Display materials felements/MCP bridges
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e
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Inside
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Figure 4-25: Detailed compositions of roof.
4.2.2.2 Insulation for exposed floor

Due to the varying structures across different levels, some higher levels may have a larger or
smaller surface area compared to the lower levels. As a result, parts of the floor or roof may be
exposed to the outside environment and require an insulation layer. The software can
automatically detect and modify the composition for smaller exposed areas, changing them to a
roof with insulation. However, for larger exposed areas, manual adjustments are necessary. To do
this, the exposed area must first be distinguished from the unexposed area by drawing an open
wall in the corresponding level. Figure 4-26 illustrates the open floors drawn in Level 4, with the
red lines indicating the floor separator between the exposed floor and the unexposed floor.
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Figure 4-26: The floor separator and the function of changing wall/floor status.

The figure 4-27 shows the corresponding floor composition at Level 4. As seen in the figure, the
composition of the exposed floor area has been changed to an insulated floor with nobles,
represented by the highlighted yellow area.

[ Composition change u} b4
- Select a composition, then ciick on walls or rooms
- select a composition, then draw a rectangle
- Right cick on a wall or a floor to get composition

] [ The composition will be affected to all wals inside the rectangle
M [ The compasition will be affectzd to all floor inside the rectangle

OLGA-T2A-Floor-Nobles-insulation ]

[ Display colors by type
[/]show windows and doors

Color transparency [ ]

Color Composition 2
- OLGA-T2A-Roof
OLGA-T2A-Facades-South
OLGA-T2A-Facades-North
OLGA-T2A-Facades-West
OLGA-T2A-Facades-East
OLGA-T2A-Internal wall-no insulation
OLGA-T2A-Internal wal-nsulstion

OLGA-T2A-Floor-Nobles-no insulation

o] Room_608 OLGA-T2A-Floar-Nobles-nsuiation
Marbres 0l GA-T2A-Flnor-nen nobles-nn insilation hd
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Figure 4-27: The exposed floor after correcting the composition.
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4.2.2.3 Creation of new materials

It should be noted that 15 cm breeze block (named “parpaing de 15”) is not included in the general
library, so we should create a new element in the library. The characteristics of 15 cm breeze block
were based on interpolation of the 10 cm breeze block (parpaing de 10) and 20 cm breeze block
(parpaing de 20), as shown in the figure below.

wironment Data

2 Edit component — [m] *
‘\. Materials [[]Searchin companents B Project Library General Library
[ etements ol redars iz roder Efle M 1Y
y Phase Change Materials {§ riecopateea 12 ' Géndriques » Blocs
w Compositions E Parpaing de 10 Name Parpaing de 15
¢ Building finishes [ Pparpaingde 15 FELETE e N
2] Thermal Brid,
g == Origin Régles Th et "Conception Thermigue de ['Habitat”™
ity Heating, DHW and Cooling [ characteristics
Flo ventilations Resistance (R ) (2w
Photovoltaic U-value Wfm.K)
)2 Environment Conductivity { A) 1071 Wifm.K)
1 Lightings
- st () o
') Energy Rates
b .
o
Spedficheat (c) {
wian
oo () —
Color in glazer analysis l:l
[11s 2 transparent insulation E
Synchronize all with Librar:
B on i
m Export all in Library ‘ T

Figure 4-28: Creation of new elements ‘Parpaing de 15’ in the library.
4.2.3 Thermal zones distribution and scenarios definition

42317 Thermal zones distribution

In this project, thermal zones on different levels are defined based on the functions of various
areas, according to the information provided by ADP, as shown in Figure 4-29 to Figure 4-36. This
step is essential because defining thermal zones allows for a more accurate representation of
energy use, occupancy patterns, internal loads, and heating/cooling needs, which is critical for
precise simulation and optimisation in building performance analysis.

The considered zones are the following: Check-in desks, boarding and departure hall, commercial
shells, company lounges and restaurants, security control, luggage sorting, offices, retail areas,
toilets, vertical and horizontal corridors, technical spaces (technical gallery, unheated spaces,
service road, underground zones), roof (which is made of large cells between concrete shells).
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Figure 4-29: The functional zoning of Level O.
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Figure 4-30: The functional zoning of Level 1.
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Figure 4-31: The functional zoning of Level 1bis.
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Figure 4-32: The functional zoning of Level 3.
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Figure 4-33: The functional zoning of Level 3bis.
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Figure 4-34: The functional zoning of Level 4.
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Figure 4-35: The functional zoning of Level 5.
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Figure 4-36: The functional zoning of Level 6.

4.2.3.2 Scenarios definition for different thermal zones
The scenarios for Terminal 2A are summarised in the table below.

Table 4-2: Zone definition and their scenarios for Terminal 2A.

Zone Zone name Heating Cooling Internal Occupancy | Ventilation
number scenario scenario gain
1 Unheated space - - 1G2 08 V0.5
2 Vertical corridors 22°C all year c4 IG1 06 V0.5
3 Technical gallery 22°C all year C5 IG3 07 V0.5
4 Offices 22°C all year C2 IG3 (OF) V0.5
5 Horizontal corridors 22°C all year = IG1 06 V0.5
6 Retail areas 22°C all year C4 IG3 04 V0.5
7 Personal toilets 22°C all year c4 IG1 04 V0.5
8 Security control 22°C all year c3 IG3 02 V0.5
9 Luggage sorting 22°C all year - IG3 04 V0.8
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10 Check-in desks 22°C all year o IG3 03 V0.5

11 Boarding & departure hall 22°C all year c4 IG3 06 V0.5

12 Commercial shells 22°C all year c4 1G3 04 V0.5

13 Company lounges and 22°C all year C4 IG3 04 V0.5
restaurants

14 Service road (outside) - - - - V1.4

15 Retail areas-underground - - IG3 04 V0.5

16 Horizontal corridors- - - IG1 06 V0.5
underground

17 Vertical corridors- - - IG1 06 V0.5
underground

18 Roof - - - - .

19 Technical gallery- - - IG3 o7 V0.5

underground

without the formal approval of the Consortium
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Hour o| 1| 2|3|4a4|5]|6 ]| 7|8 |9 |10]|11|12|13|14|15]| 16|17 |18 |19 |20 21| 22 23
Scenario
Cooling | C2 26 | 26 | 26 | 26 | 26 | 26 | 26 | 26 | 26 | 26 | 26 | 26 | 26 | 26 | 26 | 26 | 26 | 26 | 26 | 26
pi‘?:‘t 3 26 | 26 | 26 | 26 | 26 | 26 | 26 | 26 | 26 | 26 | 26 | 26 | 26 | 26 | 26 | 26 | 26 | 26 | 26 | 26
(c) | ca 26 | 26 | 26 | 26 | 26 | 26 | 26 | 26 | 26 | 26 | 26 | 26 | 26 | 26 | 26 | 26 | 26 | 26 | 26 | 26 | 26
5| 23|23 | 23| 23| 23| 23| 23| 23|23 | 23| 23| 23| 23 | 23| 23| 23| 23| 23 | 23|23 | 23| 23| 23| 23
Internal | 1IG | 70 | 70 | 70| 70| 70|70 | 70| 70|70 |70|70|70|70]|70|70|70|70| 70| 7070|7070/ 70] 7.0
gain | 1|8 |8 | 8|8 |8 |8|s8|8|s8|8|s|8|s|8|s8|8|s |8 |8 |8 |8 | 8| s8] 8
scenarto | - 40 | 10| 10| 10| 10| 10| 10| 10| 10| 10| 10| 10| 10| 10| 10|10 10| 10| 10| 10|10/ 10 10| 10
(W/m2) 5
G | 21, | 21, | 21. | 21, | 21, | 21, | 21, | 21 | 21 | 21, | 21, | 21, | 21, | 21 | 21, | 21, | 21. | 21, | 21. | 21 | 21. | 21. | 21. | 21.
3 |25 |25 | 25| 25| 25 | 25 | 25 | 25 | 25 | 25 | 25 | 25 | 25 | 25 | 25 | 25 | 25 | 25 | 25 | 25 | 25 | 25 | 25 | 25
Occupa | 02|02 ]02]02]02]02]02|02]02|02]02|02]02|02]02|02]02|02]02|02]02|02]02]02]02
ncy 5 | 5|5 |5 |5 |5 |5|5|5|5|s5 |5 |55 |5|5 |5 |5 |5 |5 |5 /|5 ]|5]-5
s(:‘:::;': 03/02|02]02/02]02/02]02/02]02]0202]02|02]02|02]02/|02]02(02]02]02|02]02]02
/m) |osa|o01]|01|01|l01]01]01]|01|01|01]01]01]01|01|01|01]01]01]01|01|01]01]01]01]01
7171772 V72 72172172172 |72|7 1721717272717 |7|7|7|7171]7]7
05/01]01]01]01/01]01]01]01]01|01|01]01]01]01]01/01]01]01]01]01|01|01]01]01
4 | a | a|a|a|a|a|a|al|ala|a|as|al|lala|a|a|al|alal|al|a)]a
06|01]01]01]01/01]01]01]01]01|01/01]01]01]01]01/01]01]01]01]01|01]01]01]01
o|lo|lolo|lo|lo|lo|lo|lo|lo|o|o|o|o|lo|lo|lo|o|o|lo|lo]|]o]|o]o
07]00|00|00]|00|00|00/|00|00|00|00|00/|00/|00]|00]|00|00|00/|00]|00]|00]|00|00]|00]00
3 /3|3 |3 |3 |3 |3|3|3|3|3|3|3]|3|3|3|3]|3]|[3]|3|3/|3]3]3
08|00|00|00|00|00|00/|00]|00]|00]|00|00|00|00]|00]|00|00|00/|00]|00]|00]|00|00]|00]00
2 2121212121212 1212121212121212]l2]121212121]121]2]:2
Ventilat | vo | 05 | 05 | 05 | 05| 05| 05|05 |05 |05|05|05|05|05|05]|05]|05)|05|05]05]|05]|05]|05]|05]05
ion .5
scenario
(ach#) | VO | 0.8 | 0.8 | 0.8 | 08| 08| 08|08 08|08 |08|08| 08| 08| 08| 08|08 08 08|08 08| 08| 08|08]|08
8
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* air change per hour
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424 Correction of the model

After completing the first version of the original Terminal 2A model with all scenarios configured, a
dynamic thermal simulation was conducted to validate the model. However, several errors were
encountered at this stage, primarily related to the structure and sizing of the facades.

F.A
S}

w  Errors (24)

~ [&] oTs (29
Calculation stopped
v The wall " " is smaller than its glazings! Missing area: " "

- The wall "Ext.Wall 142/10" is smaller than its glazings! Missing area: "-0.94 m2."
- The wall "Ext.Wall 143/23" is smaller than its glazings! Missing area: "-0.6 m2."
- The wall "Ext.Wall 143/77" is smaller than its glazings! Missing area: "-0.6 m2."
- The wall "Ext.Wall 150/16" is smaller than its glazings! Missing area: "-0.06 m2."
- The wall "Ext.Wall 239/24" is smaller than its glazings! Missing area: "-2.65 m2."
- The wall "Ext.Wall 239/78" is smaller than its glazings! Missing area: "-2.65 m2."
- The wall "Shear wall 242 6" is smaller than its glazings! Missing area: "-0.54 m32."
- The wall "Shear wall 250/4" is smaller than its glazings! Missing area: "-0.55 m2."”
- The wall "Shear wall 254 /10" is smaller than its glazings! Missing area: "-0.74 m2."
- The wall "Ext.Wall 589/13" is smaller than its glazings! Missing area: "-15.53 m2."
- The wall "Ext.Wall 602/6" is smaller than its glazings! Missing area: "-1.8 m2.”
- The wall "Ext.Wall 655/7" is smaller than its glazings! Missing area: "-0.19 m2."
- The wall "Ext.Wall 633/12" is smaller than its glazings! Missing area: "-12.85 m2."
- The wall "Ext.Wall 789/11" is smaller than its glazings! Missing area: "-1.19 m2."
- The wall "Ext.Wall 790/13" is smaller than its glazings! Missing area: "-2.99 m2."
- The wall "Ext.Wall 816/281" is smaller than its glazings! Missing area: "-14.91 m2."
- The wall "Shear wall 869/427" is smaller than its glazings! Missing area: "-0.21 m2."”
- The wall "Ext.Wall 942/9" is smaller than its glazings! Missing area: "-48.04 m2."
- The wall "Ext.Wall 1066/193" is smaller than its glazings! Missing area: "-16.06 m2."
- The wall "Ext.Wall 1066/383" is smaller than its glazings! Missing area: "-0.42 m2."
- The wall "Ext.Wall 1066/424" is smaller than its glazings! Missing area: "-5.62 m2."
- The wall "Ext.Wall 1121/5" is smaller than its glazings! Missing area: "-0.37 m2."
- The wall "Ext.Wall 1135/16" is smaller than its glazings! Missing area: "-0.84 m2."”
w  \Warnings (365)
v Geometric model (365)
» W, Windows onroom ™___"is too big. It can not be extended on upper level,
» Room "__ "is not fusionned with room *___ " because they are not in the same DTS zone, in the same RT Group, or in the same part of building,
L Warning, a floor of room "Room_25687is opened on outside "0, 1271 m?",
w Informations (131)
W E OT5 (&)
» A glazed area has been detected in an internal wall *___", It's not alowed by comfie. Windows will be change to door,
“ Geometric model (125)
» Theroom™__ "is fusionned with room "___",
w  Calculation data (17)
W E OTs (17)

Figure 4-37: Errors during the first simulation test.

These issues were mainly caused by placing windows with areas larger than the corresponding wall
sections during the facade drawing step. Since the windows are added manually, their dimensions
may exceed the wall size if not carefully adjusted—especially without zooming in during placement.
To resolve these errors, users can click on each error message to locate the problematic element in
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the plan view. Then, it is needed to review the parameters of the window or door and redraw it to
ensure it fits properly within the corresponding wall segment. Additionally, these issues can be visually
identified in the 3D view, where errors are highlighted in red, as shown in Figure 4-38.

Figure 4-38: The errors shown in the 3D view.

4.3 Simplification of the model
4.3.1 Simplification strategies

After fixing all the geometry issues, thermal simulation can finally be conducted successfully.
However, the simulation time was as long as 3 hour and 41 minutes, which is too long for one
simulation because optimisation will require to perform several hundred calculations. Therefore the
next step is to simplify the model while maintaining its accuracy.

4.3.1.1 Merge small rooms into one thermal zone

The first proposal was to merge or regroup the small rooms having the same function (e.g. offices)
into a single thermal zone, since all rooms shared the same set of scenarios (particularly the same
heating/cooling thermostat set points). However, even after removing all possible small rooms within
each thermal zone, the simulation time remained lengthy—3 hours and 33 minutes, which is only
8 minutes shorter than that of the previous model.

4.3.1.2 Clean aligned and nearby points

After analysing the model, we found that the original complex model had generated many small wall
segments instead of larger continuous walls. Even after removing small rooms, these fragmented wall
elements remained, resulting in numerous unnecessary connection points and a more complex model
structure.
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To address this, a second approach was proposed—replacing the small walls with larger, continuous
wall segments. This process can be initiated automatically in Pleiades Modeler using the “Clean
aligned points” and “Delete nearby points” functions, as displayed in the figure below.

OLGACDGT2A / Cocov2.2

‘fi::"hﬁ U4 7

3ste Undo Redeo Snap  Ortho Rotation Dimensions F
- ' Select all fo CADY mode -
Edit & Clear Suppr
L] {i Clean aligned points
(i Delete nearby points
(1 Delete background picture ﬁ
(i Delete current level
& Delete internal walls ']‘
Q Clear roof /
@ {i Delete doors and windows ///////
(i Delete Thermal bridges lignes /
(l Delete dimensions

¥
 §

Figure 4-39: The interface of cleaning aligned points.

However, it is important to note that this operation may introduce new structural errors, as shown in
the figure below. Therefore, it is essential to carefully review and resolve all resulting errors after the
cleaning process.
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Figure 4-40: The errors in the 3D view.

After that, a manual review of the entire model was conducted to identify and replace the remaining
small wall segments that were not automatically detected by Pleiades Modeler. As a result of these
efforts, the simulation time was reduced to 58 minutes. However, this duration is still relatively long
for running optimisation calculations efficiently.

4.3.1.3 Replacing curved parts with straight lines

Inspired by the simulation speed improvement resulting from the reduction of connection points, we
observed that a significant number of small connection points were concentrated in the curved
sections of the model. Therefore, the final proposal was to replace most of these curved parts with
straight lines, as illustrated in Figure 4-41. We began with the internal walls, followed by the external
walls. The replacement was carried out following the principle that the total surface area enclosed by
the new straight lines remains equivalent to the original curved design. This ensures that the
modification does not significantly affect the heat transfer calculations.
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4

Figure 4-41: Before (left) and after (right) replacing the curved parts with straight lines.

The simulation time was finally reduced to 5 minutes and 19 seconds after all these efforts were taken
into account. Besides, it took 10 seconds to generate the 3D model. This represents a significant
improvement compared to the original model, making optimisation calculations much more feasible.

4.3.2 Accuracy verification of the simplified model

The simplification strategies used in different versions and their simulation time and results are
summarised in Table 4-3.

Table 4-3: Summary of simplifications between different versions.

Versi | Simulati | Key simplifications Examples (Before) Examples (After) Simulation results

on on time

name

v2 3h41mi | Original dedicated model Annual heating

n loads: 5781 MWh

(171 kWh/m2)
Annual cooling
loads:
1510 MWh

(45 kWh/m2)

v2.1 3h33mi | Remove small rooms in Annual heating
n one thermal zone loads: 5781 MWh

(171 kWh/m2)

Annual cooling
loads:

1510 MWh
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(45 kWh/m2)

v2.2

1h27mi

Delete aligned points

automatically

Annual heating
loads: 5774 MWh

(171 kWh/m2)

Annual
loads:

1505 MWh
(45 kWh/m2)

cooling

v2.3-

58min

Delete
manually

aligned  points

Annual heating
loads: 5828 MWh

(170 kWh/m?2)

Annual
loads:

1537 MWh
(45 kWh/m2)

cooling

v3

47min

Replace inner curved
parts with straight lines

Annual heating
loads: 5795 MWh

(169 kWh/m2)

Annual
loads:

1535 MWh
(45 kWh/m2)

cooling

v3.0

30min

Simplify the complex
layouts while maintaining
the same area to
reduce the connection
points

1 (168 kWh/m2)

Annual heating
loads: 5752 MWh

Annual
loads:

1533 MWh
(45 kWh/m2)

cooling
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v3.1 5min19
S

Replace more  inner
curved parts and some
outer curved parts

L

Annual heating
loads: 5730 MWh

(168 kWh/m?2)

Annual cooling
loads:

1531 MWh
(45 kWh/m2)

A comparison of the simulated results between the simplified version (v3.1) and the detailed version
(v2) is shown in Figure 4-42. As illustrated, the discrepancy between the simplified and complex
models is negligible in terms of heating, cooling, and electricity demand. This confirms that the
simplification process is valid and does not compromise the accuracy of the simulation results.

After the correction and simplification actions listed above, the heated/cooled area of the building is
38,615 m2. This will be used to express energy consumption ratios in kWh/m?2.
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Figure 4-42: Comparison of simulated results between simplified model and complex model.
4.4 Calibration of the model

After simplifying the model, the next step is to make sure that the model is accurate enough for the
subsequent optimisation of the annual heating loads.

441 Screening of the measurements data and selecting a reference year

Firstly, a reference year needs to be selected from the available measured data spanning 2019 to
2024. To assess the reliability of the data, measurements from sensors T2A and T2B were compared.
For instance, the 2019 data appeared biased (see Figure 4-43), as T2A consistently showed lower
values than T2B, despite T2A being uninsulated.
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Figure 4-43: Measured heating loads of T2A and T2B from 2019 to 2022.

Based on analysis of the measurements data provided by ADP, the year 2021 was finally chosen as
the reference year for two main reasons. One is that its data is consistent with terminal 2B
measurements compared to other years. The other reason is that the climate conditions in 2021
closely align with typical degree-day values, which are critical for assessing heating demand, as they

reflect the energy needed for space heating. Therefore, the 2021 measurements were adjusted based

on degree-days and adopted as the reference for subsequent comparisons.
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Figure 4-44 presents a comparison between the simulated results of the simplified model and the
measured data from the reference year 2021. A noticeable discrepancy is observed, particularly in
electricity consumption, where the simulation results are on average 46.7 % higher than the measured
values. To address this issue, several calibration strategies, outlined in the following section, are
applied to improve the accuracy of the final model.

Simplified model VS Year 2021 (MWh)
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Figure 4-44: Comparison between the simulated results of the simplified model and the measured
data from the reference year 2021.

4.4.72 Calibration strategies

Following discussions with ADP during the progress meeting, we reached a consensus regarding the
missing information and data in the model. Based on that, several calibrations were implemented to
enhance the simulation accuracy of the terminal model.
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44271 Roof windows

The model was improved by refining the description of level 5. One unique aspect of Level 5,
compared to other levels, is the presence of six roof windows on the top (see Figure 4-45).

Figure 4-45: The roof windows displayed in the DWG file.

These can be defined by clicking on the "Roof Characteristics" button in the middle left and selecting
the corresponding rectangles to set them as external sloped glazing, as shown in Figure xxx. The
window type was defined as double glazing. Finally, the roof windows can be viewed in the 3D model,
as shown in Figure 4-46.
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Figure 4-47: The roof windows in the 3D view.

4.4.272 Schedule scenarios

To ensure the accuracy of the model, several schedule scenarios were adjusted to better reflect real-
world conditions. Occupancy, internal heat gains, and ventilation scenarios were all modified to
ensure that the building’s energy consumption, particularly the annual heating loads, align closely with
measured values. The final schedules are presented in Section 4.2.3.2.

This is particularly the case for internal gains, which are directly related to the electricity consumption.
Measurements were considered to adapt the internal gains scenario so that the annual values are
corresponding. Specifically, the simulated annual internal gains were 133 kWh/m?, while the
measured value was 157 kWh/m?. As a result, the internal gains values in the scenario were scaled
by a factor of 157/133 to align the simulation results with the measured data.

4.4.3 Comparison of simulation results and measurements

Figure 4-48 shows the comparison between the measurement from the reference year (corrected
according to the degree-days so that they correspond to the same degree-days as the reference year
considered in the simulation) and the simulation results after calibration. It is evident that the
calibrated model aligns more closely with the measured data compared with the model before
calibration. The detailed values can be found in Table 4-4. To be specific, the discrepancies between
simulation and measurements (annual values) are reduced to just 0.13 % for annual heating loads and
4.0 % for electricity. They are higher for cooling, which induced a supplementary modelling study (see
next §).
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Figure 4-48: Comparison of the measurements and simulation results after calibration.

Table 4-4: Detailed values of the measurements and simulation results after calibration.
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Simulation (MWh / kWh/m?) 5,672 / 147 1,556 / 40 5,689 / 147
Measurement (MWh / kWh/m?) | 5,665 / 147 1,029 / 27 5,927/ 153
Discrepancy (%) 0.13 51.2 4

4.4.4 Free ventilative cooling

bt N St N S e A

As cooling loads are not the primary focus of this project and account for a relatively smaller
proportion of CO2 emissions compared to heating and electricity, they were not prioritised during
the calibration phase. However, a preliminary optimisation study revealed that under improved

This document is property of the OLGA Consortium and shall not be distributed or reproduced
without the formal approval of the Consortium

163/214



OLGA_D4.5_Report including a methodology proposal for design and conception of refurbished
airport Terminals_ARMINES_20251119_v1.docx

insulation scenarios, while annual heating loads are significantly reduced, annual cooling loads
increase substantially—at times even exceeding heating demands. To address this issue, a solution
involving conditional natural ventilation was proposed and incorporated into the model prior to
commencing the final optimisation process. The principle is to model opening of windows if inside
temperature is too high and outside temperature is lower (e.g. during summer nights), which creates
a cooling effect thanks to natural ventilation.

In this project, the heating and cooling set points are set at 22 °C and 26 °C, respectively. Based on
these values, the conditions for activating natural ventilation are defined as follows (see Figure 4-49):
natural ventilation is triggered when the outdoor air temperature is lower than the current zone
temperature minus 1 °C, and the zone temperature exceeds 24 °C.

Ventilation externe avec condition
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Figure 4-49: The interface of setting free ventilation cooling.

Figure 4-50 presents the simulated results of the model before and after the implementation of
natural ventilation, with detailed values provided in Table 4-5. Appropriate ventilation significantly
reduces the cooling loads—from 1,556 MWh to 763 MWh—representing a total reduction of 51 %.
Meanwhile, the annual heating loads increased slightly, from 5,454 MWh to 5,672 MWh,
corresponding to a 4 % increase.

Effects of free ventilation cooling (MWHh)
7000
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Heating Cooling Electricity

B Before free ventilation cooling B After free ventilation cooling

Figure 4-50: Effects of free ventilation cooling.

Table 4-5: Detailed results before and after night

Heating Cooling Electricity
Before night ventilation (MWh / kWh/m?) | 5,672 / 147 1,556 / 40 5,689 / 147
After night ventilation (MWh / kWh/m?) 5,900/ 153 763/ 20 5,689 /147

Measured cooling energy consumption (1,029 MWh) could be explained by some natural ventilation
occurring because of opened doors for passengers and luggage.
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4.5 Optimisation calculation

Innovative parts of this research project are the application of optimisation and life cycle assessment
to complex buildings like airport terminals. The first step, as presented above, is to develop models
that integrate the complexity of such buildings (e.g. large number of functions, complex geometry)
while requiring reasonable computation time. This was achieved by simplifying the description, but
also using a model reduction technique (Peuportier and Blanc-Sommereux, 1990).

The optimisation problem consists in identifying design parameters which minimize energy
consumption, environmental impacts and renovation cost. In such a multi-objective problem, the
concept of Pareto front is used. First, minimising the heating load is prioritised because heat
generation, provided 75% by gas, emits more CO2 than cooling which consumes low carbon electricity
in the French context. A set of non-dominated solutions is defined including the lowest heating load
for a given renovation cost (and the lowest renovation cost for a given heating load). Then LCA is
performed in order to check that these identified optimal solutions correspond also to low
environmental impacts.

A solution is a set of design parameters. The considered design parameters are the insulation
thickness in different elements (facades with different orientations, floors, roof) and glazing types on
the different facades. Insulation thicknesses may vary between 0 and 30 to 40 cm, which results in
79,580 billion possible solutions. Such a large number of simulations would not be feasible, therefore
a genetic algorithm was used.

451 Genetic optimisation algorithm

The genetic optimisation algorithm used in this study (AMAPOLA module of Pleiades software tool)
considers that a renovation solution can be characterised by a chromosome containing a number of
genes having a number of alleles, as displayed in Figure 4-51. The algorithm allows the user to identify
the optimal solutions for one project offering the best compromises between different controlled
elements such as investment cost, operating cost, energy consumption, comfort, regulatory level, and
environmental balance while minimising calculation times. In this project, the two controlled elements
are investment costs and annual heating loads.
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Figure 4-51: lllustration of the genetic characterisation used in AMAPOLA.

As for the genes and alleles, several wall compositions and their related insulation thickness have

been chosen in this project. Particularly, the walls and windows are categorised by their orientations

to take into account the effects of both heat transfer and solar gains for a more precise optimisation.

Two types of floors are considered because marble is added in passenger spaces (“floor nobles”). The

detailed information can be found in Table 4-6.

Table 4-6: Optimisation parameters of this project.

Orientation Genes Alleles
External facades North Thickness of insulation layers | [0.001, 1, 2, 3, 4, ..., 28, 29, 30] cm

South Thickness of insulation layers | [0.001, 1, 2, 3, 4, ..., 28, 29, 30] cm

West Thickness of insulation layers | [0.001, 1, 2, 3, 4, ..., 28, 29, 30] cm

East Thickness of insulation layers | [0.001, 1, 2, 3, 4, ..., 28, 29, 30] cm
Floors Thickness of insulation layers | [0.001, 1, 2, 3, 4, ..., 28, 29, 30] cm
-nobles
Floors Thickness of insulation layers | [0.001, 1, 2, 3, 4, ..., 28, 29, 30] cm
-no nobles
Roof Thickness of insulation layers | [0.001, 1, 2, 3, 4, ..., 38, 39, 40] cm
Windows North Types of window glazing [double glazing windows, low-emissivity
_double glazing dquble glazing windows, triple glazing

windows]
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South

Types of window glazing

[double glazing
double glazing
windows]

windows,
windows,

low-emissivity
triple glazing

West

Types of window glazing

[double glazing
double glazing
windows]

windows,
windows,

low-emissivity
triple glazing

East

Types of window glazing

[double glazing
double glazing
windows]

windows,
windows,

low-emissivity
triple glazing

Top

Types of window glazing

[double glazing
double glazing
windows]

windows,
windows,

low-emissivity
triple glazing

Windows

-single glazing

North

Types of window glazing

[Single glazing
double glazing
windows]

windows,
windows,

low-emissivity
triple glazing

South

Types of window glazing

[Single glazing
double glazing
windows]

windows,
windows,

low-emissivity
triple glazing

In this project, glass wool (named “laine de verre”) was chosen as the insulation material for all
constructions due to its low investment cost, and its associated costs at various thicknesses remain
consistent with those specified in Section 3.6. Regarding windows, the original terminal model
included two types of glazing: single glazing and a basic double glazing. However, the double-glazed
window exhibited relatively poor insulation performance. Therefore, an alternative low-emissivity

double-glazing option—BBC Double Vitrage Peu Emissif Argon—with improved thermal insulation

was chosen for this project. Table 4-7 shows the thermal parameters of the windows used in this

project.
Table 4-7: Thermal parameters of the windows used in the project.
Single glazing | Double glazing | Low-emissivity Triple glazing | Unit
window in T2A window in T2A double glazing | window
window
Uw vertical 5.6 2.8 1.695 1.095 W/(m2.K)
Uw horizontal | 5.6 2.8 1.738 1.112 W/(m2.K)
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4.5.2 Configurations in COMFIE and AMAPOLA

4.5.

2.1

Distinguish the orientations in COMFIE

As the original terminal model lacks insulation layers and does not differentiate between orientations,

certain adjustments must first be implemented in the thermal simulation model (COMFIE) to ensure
that the genes defined in the previous section can be recognised by AMAPOLA.

The windows and external walls should be redefined based on their orientation. This can be done by

following these steps: First, create new compositions for the external walls in different orientations
(duplicating the default composition is acceptable). Then, replace the default composition (e.g., north)
with the one corresponding to another orientation, applying the filter for the relevant orientation as
shown in Figure 4-52. The same process applies to the windows, as shown in Figure 4-53.

ilter |Enter a part of the name X|
“]5earch in components
----- Bl oLca-T2A-Roof Bl replace by - m| X
----- w OLGA-T2A-Facades-South Replace in project
Replace By

B| oLeA-T2A-Facadesorth

M| oLeA-T2AFacades-west

Bl oLGAT2AFacades-East

m OLGA-T2A-Internal wall-no inst
w OLGA-T2A-Internal wall-insula
w OLGA-T2A-Floor-Mobles-no ins|
m OLGA-T24-Floor-Mobles-insula
m OLGA-T2A-Floor-non nobles-n
w OLGA-T2A-Floor-non nobles-ini

OLGA-T2A-Roof
OLGA-T2A-Facades-South
OLGA-T2A-Facades-North
OLGA-T2A-Facades-West
OLGA-T2A-Facades-East
OLGA-T2A-Internal wall-no insulation
OLGA-T2A-Internal wall-nsulation
OLGA-T2A-FloorMobles-no insulation
OLGA-T2A-Floor-MNobles-insulation
OLGA-T2A-Floor-non nobles-no insulation
OLGA-T2A-Floor-non nobles-insulation
Default

OLGA-T2A-Roof
OLGA-T2AFacades-South

OLGA-T2A-Facades-North
OLGA-T2A-Facades-West
OLGA-T2A-Facades-East
OLGA-T2A-Internal wall-no insulation

OLGA-T2A-Internal wall-insulation

:| OLGA-T 28 -Floor Mobles-no insulation
:| OLGA-T 2A-Floor -Nobles-insulation

OLGA-T2A-Floor-non nobles-no insulation
COLGA-T2A-Floor-non nobles-insulation
Default

X

Information

367 composition(s) replaced.

v [ o
|Is,|chniains V| |Famdes orientation V| |Souﬂ'1 V|
I Hl Replace I | Ml  Replace and dose | | > Close |
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Figure 4-52: The interface for distinguishing the orientation of facades.

Filter |Enber a part of the name

X]

O il

----- I Glazing doo
-] OLGA-T2A1 Replace

[ search in compon B Repiace by

Replace in project

By

- O X

b

~[T] oLea-T2a<

Glazing door

OLGA-T2A-Double Glazing Windows-MNorth

ED OLGA-T2A-0| OLGA-T2A-Double Glazing Windows-South
OLGA-T2A-Double Glazing Windows-\West

m OLGA-T2A| OLGA-TZA-Double Glazing Windows-East
OLGA-T2A-Single Glazing Windows-South

~[ ] OLGA-T2A-£|OLGA-T2ATriple Glazing Windows

OLGA-T2A-Single Glazing Windows-Morth

Glazing door
OLGA-T2A-Double Glazing Windows-MNorth
OLGA-T24-Double Glazing Windows-South o
OLGA-T2A-Double Glazing Windows-West
OLGA-T2A-Double Glazing Windows-East
OLGA-T2A-Single Glazing Windows-South
OLGA-T2A-Triple Glazing Windows

Hl OLGA-T2ASingle Glazing Windows-Morth

slazirn

[=]
=}
o [3l

[ oLGA-T2A| Default ‘| Default
-] oLca-T2a%
Information X
4 glazing(s) replaced.
Y | = Add filter [ ,
|Is,|fCon13ins V| |\|'th'ml windows orientation V| |Norﬁ'1 V|
||:E| Replace | ||:E| Replace and dose | | xgose |

Figure 4-53: The interface for distinguishing the orientation of windows.

4.5.2.2 Optimisation parameters in AMAPOLA

Based on the information provided in Section 4.4.1, genes and their corresponding alleles can then
be defined in AMAPOLA, as shown in the figures below.
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@ Pleiades Editeur

OLGACDGT2A / Cocov5.1-night ventilation

Fichier Navigation Affichage Outils Aide a o) Y
Jef0ad3as Bitiment  STDComfie  AMAPOLA
[8] Projet #h Analyse de sensibilité M Analyse d'incertitude <3 Optimisation STD

b Hypothéses de colts H% Paramétres d'optimisation ‘ M4 Chauffage, froid et ECS ‘ &% Caleul ‘

Systémes constructifs Composition N*  Type Composant Epsts Nbcas || 0 tt deta composition 0 &m’
[ Matériaugéléments - | Mt ] B
() OLGA-T2A-Roof 1™ Béton lourd 15.000 0 Cas original
Taille des menuiseries @ OLGA-T2A-Roof 2 M Laine de verre 0001 A1 | e et | Epme [ €/
Meénuiseries () OLGA-T2A-Facades-Sout 1 M Aluminium (générique) 0.100 0 M P 0.001 0
- . [JJ OLGA-T2A-Facades-Sout 2 E  Lamed'air> 1.3cm 1.500 0
Sys"mf photovoltaiques ' @y | GA-T2A-Facades-Sout 3 M |Lainedeverre oovi| 31 e 312
Eclairages (0) OLGA-T2A-Facades-Sout 4 M Aluminium (générique) 0.100 0
= [J) OLGA-T2A-Facades-Nod 1 M Aluminium (générique) 0.100 0 Type Composant Epaisseur €/m’
Masques intégrés : .
[0 OLGA-T2A-Facades-No 2 E Lame d'air > 1.3 cm 1.500 0 M Lainedeverre 0.001  0.000
Etats de surface @ OLGA-T2A-Facades-Noi 3 M Laine deverre 0.001 31 M Lainedeverre 1.000 0.558
[J OLGA-T2A-Facades-Noi 4 M Aluminium (générique) 0.100 0 M  Lainedeverre 2,000 0.950
() OLGA-T2A-Facades-Wes 1 M Aluminium (générique) 0.100 oM Laine de verre 3.000 1342
() OLGA-T2A-Facades-Wes 2 E Lamed'air> 1.3 cm 1.500 0 M Laine de verre 4000 1.734
@ OLGA-T2A-Facades-Wes 3 M Laine de verre 0.001 31 M Laine de verre 5.000 2.126
() OLGA-T2A-Facades-Wes 4 M Aluminium (générique) 0.100 0 M Lainedeverre 6.000 2518
[J OLGA-T2A-Facades-East 1 M Aluminium (générique) 0.100 0 M Lainedeverre 7.000 2910
[JJ OLGA-T2A-Facades-East 2|E Lame d'air > 1.3 cm 1.500 oM Laine de verre 8.000 3.302
@ OLGA-T2A-Facades-East 3 M Laine de verre 0.001 31 M Laine de verre 9.000 3.694
(] OLGA-T2A-Facades-East 4 M Aluminium (générique) 0.100 0 M Lainedeverre 10.000 4.086
() OLGA-T2A-Internalwall- 1 M Enduit extérieur 2.000 0: M Lainedeverre  11.000 4.478
[J OLGA-T2A-Intenalwall- 2 E Parpaing de 15 15.000 0 M Laine deverre 12.000 4.870
(] OLGA-T2A-Floor-Nobles 1 M  Béton lourd 10.000 0o M Laine de verre 13.000 5.262
(JJ OLGA-T2A-Floor-Nobles 2 M OLGA-T2A-Chape 5.000 0 M Laine deverre 14.000 5.654
() OLGA-T2A-Floor-Nobles 3 M Marbres 2.000 0 M Lainedeverre 15.000 6.046
[J) OLGA-T2A-Floor-Nobles 1 M Béton lourd 10.000 0 M Laine de verre 16.000 6.438
@ OLGA-T2A-Floor-Nobles 2 M Laine de verre 0.001 31 M Laine de verre 17.000 6.830
() OLGA-T2A-Floor-Nobles 3 M OLGA-T2A-Chape 5.000 0 M Llainedeverre 18000 7.222
() OLGA-T2A-Floor-Nobles 4 M Marbres 2.000 oM Laine de verre 19.000 7.614
() OLGA-T2A-Floor-non no 1 M  Béton lourd 10.000 oM Laine de verre 20.000 8.006
() OLGA-T2A-Floor-non no 2 M OLGA-T2A-Chape 5.000 oM Laine de verre 21.000 8.398
(J) OLGA-T2A-Floor-nonne 1 M Béton lourd 10.000 0 M Llainedeverre  22.000 8.790
@ OLGA-T2A-Floor-nonne 2 M Laine de verre 0.001 31 M Lainedeverre 23.000 9.182
[0 OLGA-T2A-Floor-nonnoc 3 M OLGA-T2A-Chape 5.000 0 M  Laine deverre 24.000 9.574
M Laine de verre 25.000 9.966
M Laine de verre 26.000 10.358
M Laine de verre 27.000 10.750
M Laine de verre 28.000 11.142
M Laine de verre 29.000 11.534
M Laine de verre 30.000 11.926

Figure 4-54: Interface of AMAPOLA for setting optimisation parameters.

If the parameters increase in equal increments, it is possible to simply enter the first three values and
click on the grey icon to the right of the third value (see Figure 4-55). The software will then
automatically generate the remaining values.
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Fichier | Navigation |Aﬂichage| Oulilsl Aide & @ Y

3 = A& Bitiment  STDComfie  AMAPOLA
[8] Projet 4k Analyse de sensibilite A& Analyse d'incertitude & Optimisation 5TD
.6 Hypothéses de colts | & Paramétres d'optimisation s Chauffage, froid et ECS | %% Calcul
Systémes constructifs Compasition N®  Type Composant Epais Mb cas
Matériaux/eléments - T - T T ” T
[ OLGA-T2A-Roof 1M Bétonlourd 15.000 0
Taille des menuiseries B OLGA-T2A-Roof 2 M Laine deverre 0.001 M
Menuiseries ] OLGA-T2A-Facades-Soul 1M Aluminium (générique)  0.100 0
] OLGA-T2A-Facades-Soul 2 E Lame d'air= 1.3 cm 1.500 0
Systémes photovoltaiques @y o) GA-ToA-Facades-Soul 3 M Laine deverre 0001 31
Eclairages [ OLGA-T2A-Facades-Soul 4 M Aluminium (générique)  0.100 0
.. [ OLGA-T2A-Facades-Morl T M Aluminium (générique)  0.100 0
Masques intégrés )
] OLGA-T2A-Facades-Mor 2 E Lame d'air= 1.3 cm 1.500 0
Etats de surface B OLGA-T2A-Facades-Nort 3 M Laine de verre 0.001 3
] OLGA-T2A-Facades-Mor 4 M Aluminium (générique)  0.100 0
[ OLGA-T2A-Facades-Wes 1M Aluminium (générique)  0.100 0
[ OLGA-T2A-Facades-Wes 2 E Lame d'air= 1.3 cm 1.500 0
B OLGA-T2A-Facades-Wes i M Laine de verre 0.001 31
[ OLGA-T2A-Facades-Wes 4 M Aluminium (générique)  0.100 0
] OLGA-T2A-Facades-East 1M Aluminium (générique)  0.100 0
[ OLGA-T2A-Facades-East 2 E Lame d'air » 1.3 cm 1.500 0
B OLGA-T2A-Facades-East I M Laine de verre 0.001 31
[ OLGA-T2A-Facades-East 4 M Aluminium (générique) 0100 0
[ OLGA-T2A-Internal wall- 1M Enduit extérieur 2,000 0
] OLGA-T2A-Internal wall- 2 E Parpaing de 15 15.000 0
[ OLGA-T2A-Floor-Mobles 1M Béton lourd 10,000 0
[l OLGA-T2A-Floor-Mobles 2 M OLGA-T2A-Chape 5.000 0
[ OLGA-T2A-Floor-Mobles I M Marbres 2,000 0
[ OLGA-T2A-Floor-Mobles 1M Béton lourd 10,000 0
B OLGA-T2A-Floor-Mobles 2 M Laine de verre 0.001 31
[l OLGA-T2A-Floor-Mobles 3 M OLGA-T2A-Chape 5.000 0
[ OLGA-T2A-Floor-Mobles 4 M Marbres 2,000 0
[ OLGA-T2A-Floor-nen no 1M Béton lourd 10,000 0
[C] OLGA-T2A-Floor-non no 2 M OLGA-T2A-Chape 5.000 0
[ OLGA-T2A-Floor-nen no 1M Béton lourd 10,000 0
B OLGA-T2A-Floor-nen no 2 M Laine de verre 0.001 31
[C] OLGA-T2A-Floor-non no 3 M OLGA-T2A-Chape 5.000 0
[J OLGA-T2A-Facades-Top T M Aluminium (générique) 0,100 0
[J OLGA-T2A-Facades-Top 2 E Lame d'air » 1.3 cm 1.500 0
B OLGA-T2A-Facades-Top i M Laine de verre 0.001 N
[J OLGA-T2A-Facades-Top 4 M Aluminium (générique) 0,100 0

Colt de la compaosition

Cas original

Type Composant

M Laine de verre

Epaisseur €/m®

a.001 0

0 &m?

Mombre de cas simulés

Type Composant

Laine de verre
Laine de verre
Laine de verre
Laine de verre
Laine de verre
Laine de verre
Laine de verre
Laine de verre
Laine de verre
Laine de verre
Laine de verre
Laine de verre
Laine de verre
Laine de verre
Laine de verre
Laine de verre
Laine de verre
Laine de verre
Laine de verre
Laine de verre
Laine de verre
Laine de verre
Laine de verre
Laine de verre
Laine de verre
Laine de verre
Laine de verre
Laine de verre
Laine de verre

Laine de verre

T 222 g2z g g2z 222222222 xg

Laine de verre

g

Epaisseur £/m*
0.001 0.000
1.000 0.558
2,000 =
3.000 0.000
4.000 0,000
5000 0.000
6000 0.000
7.000 0.000
2,000 0.000
5,000 0.000
10,000 0.000
11.000 0.000
12,000 0.000
13.000 0.000
14.000 0.000
15.000 0.000
16.000 0.000
17.000 0.000
18.000 0.000
19.000 0.000
20,000 0.000
21.000 0.000
22,000 0.000
23.000 0.000
24,000 0.000
25,000 0.000
26,000 0.000
27.000 0.000
28,000 0.000
29,000 0.000
30,000 0.000

Figure 4-55: Interface of setting the optimisation parameters.
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0 Pleiades Editeur

‘ichier Navigation Outils Aide &

Izl dEBS Bitiment STD Comfie

E Projet Al Analyse de sensibilité M Analyse d'incertitude :'3 Optimisation 5TD
6 Hypothéses de colts || = Parameétres d'optimisation | M4 Chauffage, froid et ECS

Systémes constructifs Baie

- -

[ Glazing door

B OLGA-T2A-Double Glazing Windows-North
B OLGA-T2A-Double Glazing Windows-South
B OLGA-T2A-Double Glazing Windows-West
B OLGA-T2A-Double Glazing Windows-East
Eclairage; B OLGA-T2A-Single Glazing Windows-South
) OLGA-T2A-Triple Glazing Windows

B OLGA-T2A-Single Glazing Windows-North
B OLGA-T2A-Double Glazing Windows-Top
) OLGA-T2A-Double Glazing Windows

) OLGA-T2A-Single Glazing Windows

[_] BBC-Double-vitrage peu émissif argon

Matériaux/éléments

Taille des menuiseries

Menuiseries

Systémes photovoltaiques

Masques intégrés

Etats de surface

Nb cas

SO D W W O W oW oW oW ow oo 4

Y

AMAPOLA

‘ B Caleul |

OLGACDGT2A / Cocovd.-night ventilation-40 10 Optimisation

B Medifier |a taille des menuiseries avant d'en changer le type
Cas criginal
Cas &/m*
OLGA-T2A-Double Glozing Windows-North ]

MNombre de cas simulés 35

Cas €/m?
OLGA-T2A-Double Glazing Windows-North ]
BBC-Double-vitrage peu émissif argon 450
OLGA-T2A-Triple Glazing Windows 615

@ Pleiades Editeur
Fichier Navigation Outils Aide r
NDzEdEE Batiment STD Comfie

[8] Projet  #h Analyse de sensibilité  #h, Analyse d'incertitude 2 Optimisation STD

6 Hypothéses de colits || = Paramétres d'optimisation | 4 Chauffage, froid et ECS | & Caleul ‘

Systémes censtructifs Baie

[ Glazing door

@ OLGA-T2A-Double Glazing Windows-Morth
[ I F— @ OLGA-T2A-Double Glazing Windows-South
@ OLGA-T2A-Double Glazing Windows-West
@ OLGA-T2A-Double Glazing Windows-East
Eclalrages @ OLGA-T2A-Single Glazing Windows-South
] OLGA-T2A-Triple Glazing Windows

@ OLGA-T2A-Single Glazing Windows-North
@ OLGA-T2A-Double Glazing Windows-Top
() OLGA-T2A-Double Glazing Windows

[C) OLGA-T2A-Single Glazing Windows

(] BBC-Double-vitrage peu émissif argon

Matériaux/€léments

Taille des menuiseries

Systémes photovoltaiques

Masques intégrés

Etats de surface

Nb cas

O o s W W e W W woww e 1

AMAPOLA

(b)

OLGACDGT2A / Cocov3.1-night ventilation-40 10 Optimisation

B Modifier la taille des menuiseries avant d'en changer le type
Cas original
Cas &/m*
OLGA-T2A-Single Glazing Windows-South 0

Mombre de cas simulés £

Cas €/m*
OLGA-T2A-Single Glazing Windows-5cuth 0
BBC-Double-vitrage peu émissif argon 450
OLGA-T2A-Triple Glazing Windows 615

Figure 4-56: Interface of setting optimisation parameters for (a) double glazing windows and (b)

4.5.3 Optimisation results

4.5.3.1 Pareto front and parallel coordinates

single glazing windows.

With the genes and alleles defined in the previous section, AMAPOLA is able to perform genetic
algorithm optimisation. This process mimics natural selection through genetic crossbreeding of
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buildings (reproduction) and mutations (evolution), driven by the objective function of cost and
performance (adaptation). The algorithm selects the best-performing ‘offspring’ in each generation,
gradually converging towards increasingly optimal solutions. In this project, the default settings of 40
individuals and 10 generations were used for the optimisation process, as seen in the figure below.

[€F Pleiades Editeur
Fichier Navigation Affichage Outils Aide

: A 15 A
JZEd 33 Batiment STDComfie  AMAPOLA
[ Projet 4 Analyse de sensibilite  MA Analyse d'incertitude 2 Optimisation STD

& Hypothéses de cotts | 2 Paramtres d optimisstion |y Cheuffage, froid et ECS | [ Calcul |

Param&tres de simulztion © Algorithme d'aptimisation génétique
Premiére semaine de simulation

Nombre de combinaisons MNombre max de simulations

13 Lundi 1 Janvier ~

2466973569491037
Dernigre semaine de simulation

52 3 Dimanche 30 Décembre ~

Objectifs

Pas de temps de |a simulation 1/2 heure ~ Nembre d'objectifs 25

ler jour de fannée Lundi - Objectif 1 (Abscisse)  Investissement
B Heure déte

Début heure &ts 24 Mar @~ Objectf 2 (Ordonnée)  Besoins Chaud

Fin heure ét& 27 Oct B~

Limite haute dinconfort 2 T Contraintes

O p— il Nombre d'autres contraintes 0 &

Chaleur humaine 80 Wjoccupant

Humidité occupants 0.055  kg/h/occupant

() Désactiver les apports solaires

() Désactiver les gains internes et occupations

[T calouler les besins bruts/Diagramme de Sankey/Part de besoins nets
Calouler "édairage artificiel & partir de [édairement naturel
Calaul aéraulique

() Désactiver le pre-traitement de 'air
Calul avec systémes

1B Récupération des pertes dans [ambiance

[ Pénaliser les équipements nan certifiés
Limitation de puissance des zones depuis Pmax et:
O rien dautre
(C)Pmax des générations
(O Pmax des émetteurs/batteries CTA

Durée de la simulation : 12:00:00 AM

Format de sortie

(O Texte : lent et volumineux {pour post-traitement)
© Binaire : Rapide et léger (recommandé)

() Binaire zippé : moyennement rapide et trés léger

Définir le format de sortie courant comme format par defaut

[ Afficher les paramétres experts

OLGACDGT2A / Cocov4.6-40710_Optim

Toutes les combinaisons

18 Paramétres experts
Nb d'individus o
Nb générations s

‘ Lancer le calcul d'optimisation

Figure 4-57: The interface of setting the generations and individuals for optimisation.

After clicking on “launch the optimisation calculation” button, the Amapola window will appear, as
shown in the figure below. It should be noted that the optimisation calculations can only be started

after clicking on the “Démarrer” (start) button.
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Arréter #h Calculs Comfie / RT2012

Avancement des calculs

Etape Statut Nb. simulations Temps écoulé
Lot 1 En cours 40

(B OLGACDET2A/Cocov4.6-40_10_Optim 1

(B8 OLGACDET2A/Cocov4.6-40_10_Optim 2
(B OLGACDETZA/Cocov4.6-40_10_Optim 3
(B OLGACDGT2A Cozovs.6-40_10_Optim 4

(B OLGACDGT2A/Catov4.6-40_10_Optim §

(8 OLGACDGT2A/Cocov4.6-40_10_Optim 6

(8 OLGACDGT2A/Cocov4.6-40_10_Optim 7

(B8 OLGACDET2A/Cocov4.6-40_10_Optim 8

(B OLGACDETZA/Cocov4.640_10_Optim §

(B9 OLGACDGT2A Cozovs.6-40_10_Optim 10
(B OLGACDET2A/Cocov4.6-40_10_Opeim 11
(B OLGACDGT2A/Cacov4.6-40_10_Opeim 12
(B OLGACDGT2A/Cocov4.6-40_10_Opeim 13
(B OLGACDET2A/Cocov4.6-40_10_Optim 14
(B OLGACDETZA/Coov4.640_10_Optim 15
(B OLGACDGT2A Coovs.6-40_10_Optim 16
(B OLGACDGT2A/Cacov4.6-40_10_Opeim 17
(B OLGACDGT2A/Cacov4.6-40_10_Opeim 18
(B OLGACDGT2A/Cocov4.6-40_10_Opeim 15
(B OLGACDET2A/Cocov4.6-40_10_Optim 20
(B OLGACDETZA/Cocov4.640_10_Optim 21
(B OLGACDGT2A Coovs.6-40_10_Opeim 22
(B OLGACDGT2A Coovs.6-40_10_Opeim 23
(B OLGACDGT2A/Cacov4.6-40_10_Opeim 24
(B OLGACDGT2A/Cocov4.6-40_10,

En attente des résultats

Figure 4-58: The interface of launching the optimisation process.

The iterative process between generations is shown in the figure below. Investment costs and heating

loads are shown for all solutions of the successive generations, as well as the Pareto front (red
diamond points).
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#A Amapola - Lancement et suivi des calculs

# Cloud (béta) Avancement des calculs
Etape Statut Nb. simulations Temps écoulé .
Lot 1 Terminé (0K} 40 3000000 °
Lot 2 Terming (0K} 40 . Pl =
olutions optimales
Lot 3 Terminé (OK) 40 (génération n°1)
Lot4 Terminé (OK) 40 2500000 SN TS
(génération n°2)
Lots Terming (OK) 40 [ ] Solutions optimales
— énération n°3
Lot 6 Terming (OK) 40 o (g i :
= ° Solutions optimales
g = (génération n°4)
= Temne (00 “ é 2000000 Solutions optimales
Lot 8 Terminé (OK) 40 = ~ (génération n°5)
Lot ® Terminé (OK) 40 3 Falliens eiin =S
K (génération n°6)
Lot 10 Terminé (OK) 40 o Solutions optimales
ol B E 1500000 H (génération n°7)
curemng _ 8 ‘A . Solutions optimales
o] . A o
0 (génération n°8)
‘ . . * Solutions optimales
’ # * . A . (génération n°9)
1000000 '.' b " Solutions optimales
' A ° énération n°10
a8 g
- - Solutions non optimales
» ane .
l [ t, %
500000 .

500000 1000000 1500000 2000000 2500000 3000000 3500000
Investissement [ €]

Figure 4-59: The interface of AMAPOLA after optimisation process.

After reading the files, the software displays the results on the ‘Pleiades Results’ interface. The Pareto
front, which presents the final optimal solutions, and the parallel coordinate plot, which provides
detailed visualisation of how each solution performs across multiple variables, are shown at the
bottom of the interface. In addition, the results tables at the top can be exported to Excel for easier
data handling.
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Figure 4-61: Parallel coordinates of the optimisation calculation.
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4.5.3.2 Convergence of the optimisation calculations

It is of course not possible to run the 80,000 billion simulations in order to validate the optimisation.
The genetic algorithm (NSGA 1) was validated on a simpler case where 4 million simulations were
performed. Ideally, convergence should be checked by evaluating an “hypervolume” (Knowles et
Corne, 2002), which should approach 1 when the number of generations is sufficient to reach
convergence (Branke et al., 2008). But we had not enough time in this study addressing a very
complex building. We sent a suggestion to the Pleiades software editor to include an automatic
calculation of the hypervolume, and hope that this will be possible. To verify whether the optimisation
calculations have converged, a dynamic simulation was carried out using the best insulation scenario
and compared with the optimisation results that produced the lowest annual heating loads. The best
insulation scenario refers to the case in which all single and double glazing windows are replaced with
triple glazing, and all insulation layers are applied at their maximum thickness. To this end, a new
variant was created to adjust the insulation layer thickness and window types accordingly. The new
compositions with the beat insulation were created at first in the library, as shown in the figures below.

[ Editez le composant = a b4
g E Bibliothégue projet Bibliothéque générale '
Dossier Derniére modification : 2/25/2025 12:11:00 PM par Caipeng LIANGIR]FS o . YOI 1
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1
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* Complément -
£
d
14 -
w Origine P43
n r
m Afficher les matériaux/éléments/MCP Ponts

I
m Caractéristigues thermigues Q Diagramme de Glaser
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le

© Mur lourd () Cloison légére [ afficher le détail des matériaux

i Composants T om kafm2 A R Extérieur I
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Intérieur

Total 55 350 9.85
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X o

Figure 4-62: The interface of configurating the new composition.
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Figure 4-63: The interface of the new library.

Then the original compositions were replaced with those incorporating the thickest insulation layers,
as shown in the figure below. The same applies to the windows, which were substituted with triple
glazing.
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Figure 4-64: The interface of replacing facades in the project.
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Figure 4-65: The interface of replacing windows in the project.

After replacing all construction elements, including the roof, facades, floors and windows, the
simulation can be run to obtain the results. It should be noted that some errors may occur following
the replacements due to the increased thickness of the insulation layers.
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Figure 4-66: The interface of errors when launching the dynamic simulation.

For example, in the figure below, the grey area representing the wall has increased due to the thicker
insulation, leading to overlaps between the wall and the surrounding windows. In most cases, this
error can be resolved by reducing the size of the windows.
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(a) (b)

Figure 4-67: (a) Before and (b) after the adjustment to deal with errors.

After making the necessary adjustments in the plan view, the dynamic simulation can be run again to
obtain the results under the best insulation conditions. Following the same procedure, the simulation
results for the lowest heating load solution of the Pareto front can also be obtained. Table 4-8
presents a comparison of the results for three conditions. It can be observed that under the best
optimised conditions, the annual heating loads in the simulated results are slightly higher than those
in the optimisation results, which may be due to the window adjustments made in the model to
address the overlaps. Additionally, the heating loads under the best optimised conditions and the best
insulation conditions are within the same magnitude, with only a small discrepancy of 6%. Therefore,
the optimisation calculation is considered to have converged.

Table 4-8: Comparison of the heating loads for three insulation conditions.

V5.1 (with night ventilation) Insulation conditions Annual heating
loads
The lowest heating load in the | 37 cm insulation for roof. 14.24 kWh/m2

b e el 28 cm/24 cm/8 cm/19 cm insulation for facades

south/north/west/east.
30 cm/24 cm insulation for floors nobles/non-nobles.

All triple glazing except bad double glazing east and single
glazing north;
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Simulated results with the | Same as above 16.35 kWh/m2
same parameters as the
lowest heating load
optimised solution

Simulated results with the | 40 cm insulation for roof. 15.36 kWh/m2

e U (Rl s 30 cm insulation for other compositions.

All triple glazing;

4.53.3 Selection of three renovation scenarios

Beyond a scenario without renovation (no investment cost but high energy consumption) and the
best insulation (but most expensive) scenario, it is useful to identify a limited number of intermediate
solutions of the Pareto front that can be further evaluated and discussed with decision makers. We
can see in the graph below that the heating load (vertical axis) does not decrease linearly in terms of
the investment cost (horizontal axis). The decrease is fast until a “turning point” and then slower. This
means that increasing the investment is less efficient after a turning point.

Based on these optimisation calculations, two cases at the turning point, as marked in Figure 4-68
(red circles), are selected as the final scenarios to be analysed in the next section, considering the
trade-off between cost and performance. The one with a lower investment is point n°14 in the Pareto
front, the second one is n°26. Detailed information regarding the thickness of insulation layers for
different compositions and the types of windows across all three renovation scenarios and the case
without renovation is displayed in Table 4-9.
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Figure 4-68: The two selected optimised scenarios in the pareto front.

Table 4-9: detailed information of the three scenarios.

0.01 cm; East facades: 0.01 cm; Floor-
nobles: 0.01 cm; Floor-non nobles: 0.01 cm

Nb.Case Insulation layers Windows type
Original model (no | Roof: 0.01 cm; South facades: 0.01 cm; | Default double glazing windows + single
renovation) North facades: 0.01 cm; West facades: | glazing windows

Optimised point 14

Roof: 12 cm; South facades: 26 cm; North
facades: 27 cm; West facades: 15 cm; East
facades: 23 cm; Floor-nobles: 30 cm;
Floor-non nobles: 25 cm

Double glazing windows-Top:
BBC-Double-vitrage peu emissive argon;

Others keep the same as the default
settings

Optimised point 26

Roof: 37 cm; South facades: 16 cm; North
facades: 27 cm; West facades: 29 cm; East
facades: 15cm; Floor-nobles: 28 cm;
Floor-non nobles: 29 cm

Single glazing windows-South:
BBC-Double-vitrage peu emissive argon;
Double glazing windows-Top:

Triple glazing windows;

Others keep the same as the default
settings
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Best insulation

Roof: 40 cm; South facades: 30 cm; North
facades: 30 cm; West facades: 30 cm; East
facades: 30 cm; Floor-nobles: 30 cm;
Floor-non nobles: 30 cm

Triple glazing windows everywhere

The investment cost and performance of the different scenarios are compared in Figure 4-69 and
Figure 4-70. Regarding investment, the cost increases with better insulation. It should be noted that
the cost of renovation scenarios is an estimated value, and the actual cost is likely to be higher than
the value presented in the figure below.

In terms of performance, it can be observed that all three renovation scenarios have significantly
reduced the heating loads, while the cooling loads have increased slightly. Specifically, the annual
heating loads are 24 kWh/m? for Optimised 14, 19kWh/m? for Optimised 26, and 15 kWh/m? for the
Best Insulation scenario, respectively, compared to 153 kWh/m? without renovation.

Cost (euros)
4,000,000
3,500,000
3,000,000
2,500,000
2,000,000 1,633,066
1,500,000

1,000,000 680,605

Optimised 14 Optimised 26

3,558,265

Best insulation

Figure 4-69: Costs of different scenarios.
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Operational energy consumption of different scenarios
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Figure 4-70: Operational energy consumption of different scenarios.

4.6 Environmental impact assessment
4.6.1 Goal and scope

The main goal of LCA for this study is to evaluate the environmental impacts such as CO2 emission
of the renovation scenarios for Terminal 2A. The evaluation scope covers the entire life cycle of the
building (which is assumed to be 50 years after renovation), consisting of the renovation works, the
use stage, the replacement of components (depending on the lifespan of building materials and
components) and the deconstruction stage.

The system boundaries include the processes related to building operation, e.g. district heating using
gas and wood for heating and domestic hot water (DHW), upstream processes (e.g. materials
fabrication) and downstream processes (e.g. landfill or recycling of materials at end-of-life).

Because the project is related to renovation of existing terminals, materials corresponding to
foundations and structure are not accounted for, and neither equipment like computers or other
devices. Focusing on the environmental impacts of the building, the daily transportation of the
persons and waste generation by users are not considered. The functional unit is the entire Terminal
2A of airport CDG located near Paris over a lifespan of 50 years, considering the functions of the
different spaces and their related use scenarios (heating and cooling temperatures, occupancy
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scenarios, interval gains, ventilation). Environmental indicators are then evaluated for an average 1 m?
area over one year in order to be compared with benchmarks.

4.6.2 Link with thermal simulation

4.6.2.1 Utilisation stage

Before performing LCA, the dynamic simulation needs to be implemented in order to get the
operational energy consumption results in Pleiades Modeler. Taking the optimised point 14 as an
example, a variant was created based on the original model (v5.1 with night ventilation) by adding
thicker insulation layers and replacing the window types as optimised in the AMAPOLA module.

Filter |Enber a part of the name X‘
[]search in components

~ M| oLGA-T2ARoof
B oLea-T2aFacadessouth
Bl oLGA-T2AFacades-North
Bl oLea-TaaFacades-west
Bl oLGaT2AFacadesEast
m OLGA-T2A-Internal wall-no insulation
w OLGA-T2A-Floor-MNobles-no insulation
w OLGA-T2A-Floor-Mobles-insulation
m OLGA-T2AFloor-non nobles-no insulation
m OLGA-T2A-Floor-non nobles-nsulation
m OLGA-T2A-Roof-12cm Laine de verre
w OLGA-T2A-Facades-South-26cm Laine de verre
m OLGA-T2AFacades-North-27cm Laine de verre
m OLGA-T2A-Facades-West-15cm Laine de verre
Bl oLGA-T2AFacadesEast-23cm Laine de verre

m OLGA-T2A-Floor-MNobles-insulation-30cm Laine de verre

w OLGA-T2A-Floor-non nobles-insulation-25cm Laine de v

Folder
[ Replace by - O x !
Replace in project
Replace By I name
OLGA-T2A-Roof OLGA-T2A-Roof
OLGA-T2AFacades-South OLGA-T2A-Facades-South
OLGA-T2A-Facades-Morth OLGA-T2A-Facades-orth
OLGA-T2A-Facades-West OLGA-T2A-Facades-West
OLGA-T2A-Facades-East OLGA-T2A-Facades-East
OLGA-T2A-Internal wall-no insulation OLGA-T2A-Internal wall-no insulation
OLGA-T2A-FloorMobles-na insulation OLGA-T2A-Floor-Mobles-na insulation
OLGA-T2A-Floor-Mobles-nsulation -| OLGA-T2A-FloorMobles-insulation [ Display mat
OLGA-T2A-Floor-non nobles-no insulation :| OLGA-T2A-Floor-non nables-no insulation
OLGA-T2A-Floor-non nobles-insulation OLGA-T2A-Floor-non nobles-insulation ermal characteri
OLGA-T2A-Roof-12cm Laine de verre OLGA-T2A-Roof-12cm Laine de verre for thermal b

OLGA-T2A-Facades-South-26cm Laine de verre
OLGA-T2A-Facades-Morth-27cm Laine de verre
OLGA-T2A-Facades-West-15cm Laine de verre
OLGA-T2A-Facades-East-23am Laine de verre
OLGA-T2A-Floor-Mobles-insulation-30cm Laine de verre

OLGA-T2AFacades-South-26am Laine de verre
OLGA-T2A-Facades-Morth-27cm Laine de verre
OLGA-T2A-Facades-West-15cm Laine de verre
OLGA-T2A-Facades-East-23am Laine de verre
OLGA-T2A-Floor-Mobles-insulation-30cm Laine de verre

wall

OLGA-T2A-Floor-non nobles-nsulation-25cm Laine de verre OLGA-T2A-Floor-non nobles-nsulation-25cm Laine de verre P
Default Default - -om
B verre
m (générigue)
T + Add filter Crientations
Bl Replace Hl  Replace and dose ¢ Close

Figure 4-71: The interface of replacing compositions in the project library.
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. Filter |EntEr a part of the name )(|
[ search in components

! Glazing door
m OLGA-T2A-Double Glazing Windows-Marth
m OLGA-T2ADouble Glazing Windows-South
~{I] oLGa-T28-Double Glazing Wir

. m OLGA-T2A-Double Glazing Windows-East
m OLGA-T2A-Single Glazing Windows-South
-{I] OLGA-T2A-Triple Giazing Windows
m OLGA-T2A-Single Glazing Windows-North
m OLGA-T2A-Double Glazing Windows-Top
] oLGA-T24-Double Glazing Windows
m OLGA-T2A-Single Glazing Windows

m BBC-Double-vitrage peu émissif argon

OLGA-T2A-Double Glazing Windows-North
OLGA-T2A-Double Glazing Windows-South
OLGA-T24-Double Glazing Windows-West
OLGA-T2A-Double Glazing Windows-East
OLGA-T2A-Single Glazing Windows-South
OLGA-T2A-Triple Glazing Windows
OLGA-T2A-Single Glazing Windows-North

OLGA-T2A-Double Glazing Windows-Toj
OLGA-T2A-Double Glazing Windows
OLGA-T2A-Single Glazing Windows
BBC-Double-vitrage peu émissif argon
Default

B Replace by - O x
Replace in project

Replace By

Glazing door Glazing door

OLGA-T2A-Double Glazing Windows-Marth
OLGA-T2A-Double Glazing Windows-South
OLGA-T2A-Double Glazing Windows-\West
OLGA-T2A-Double Glazing Windows-East
OLGA-T2A-5ingle Glazing Windows-South
OLGA-T2A-Triple Glazing Windows
-| OLGA-T2A-Single Glazing Windows-Morth
*| OLGA-T2A-Double Glazing Windows-Top
OLGA-T2A-Double Glazing Windows
OLGA-T2A-5ingle Glazing Windows
BBC-Double-vitrage peu émissif argon

Default

Information

V[ Fmm ]

& glazing(s) replaced.

b E—

>

||II Replace I \III Replace and dose | | xgcse |

Figure 4-72: The interface of replacing windows in the project library.

Then the dynamic simulation can be performed in order to get the heating and cooling loads. Likewise,
some overlapped areas caused by thicker insulation layers need to be first corrected to avoid errors.
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OLGACDGT2A / Cocovs. 1-night ventilation-optimisation1d

File  Modules  Defaul  Libary Plan DTS 3D Calculation
Tables Mode Geometry  Lighting  DF

Data Tools Natural lighting ~

Export to Editor

Esm = i
Loads calculation
\S(E_B Consumption calculation (with systems)

Summer time stop 27 oct [E]

Incomfort high it

Incomfort low it [

The wall "Ext.Wall 228/158"
The wall "Ext.Wall 228/184"

The wall "Ext.Wall 288/5" is smaller than
The wall
The wall "Ext.Wall 200/:
The wall "Ext.Wall 298/:
The wall "Ext.Wall 298/34" is small
The wall * g

The wall *
The wall d
-~ The wall "Ext.Wall 300/112"
The wall "Ext.Wall 300/144"
The wall "Ext.Wall 300/161"

big (for post-traitment)
all (recommendes

er than binary but smaler

[ Set current output formatt as defauit for new projects

[oisplay expert settings
ise they are not in the same DTS zone, in the same RT Group, or in the same part of building.

Figure 4-73: The interface of simulation errors after adding insulation layers.

The thermal model includes all characteristics of walls, floors and roof, allowing quantification of
materials which is needed for the LCA

4.6.2.2 LCA calculation

After completing the STD simulation, the project can be opened in Pleiades LCA to carry out the Life
Cycle Assessment (LCA) using Equer model (Polster et al., 1996). The quantity of each material is
calculated using the LCA tool EQUER of Pleiades and the corresponding elements from the ecoinvent
database are used for the evaluation. In this study, ecoinvent version 3.8.1 was applied.

Default environmental impact values are considered for painting, and no impact for air layers.
Materials are defined in wall compositions in the thermal simulation model, for instance “Parpaing de
15” corresponds to 15 cm thick concrete blocks. It is therefore needed to select the appropriate
dataset in the ecoinvent database, e.g. concrete blocks. This is the purpose of a “project match”
window, allowing users to associate datasets to materials for fabrication and end of life stages.

The amounts of materials of Terminal 2A are summarised in the following table, indicating also the
associations with ecoinvent datasets.
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Table 4-10: Materials in Terminal 2A under four scenarios and corresponding LCl items in

ecoinvent.
Name LCl |.tem n Mass Unit
ecoinvent
No Best Optimised ..
renovation insulation 14 Seunse i
Aluminium Aluminium 74,176 74,737 75,137 75,056 kg
(générique)
zieieAbolnfs Aluminium
vitrage peu émissif . 33.85 1,711 m?>
double-glazing
argon
Béton lourd Concrete 20,777,057 20,646,518 20,667,059 20,685,628 kg
Default 230,119 229,775 230,080 230,172 m?>
Enduit extérieur Exterior plaster 694,322 701,212 701217 700,772 kg
Glazing door Glazing door 700.36 700.36 700.36 700.36 m?>
Laine de verre Glass wool 8.19 267,066 185642 239,892 kg
LS d;:r e Air gap 206.05 207.60 208.71 208.49 kg
Marbres Marble 2,100,425 2,087,990 2,090,381 2,092,492 kg
OLGA-T2A-Chape Csc”rcereedte 7,134,138 | 7,099,6123 | 7,105972 | 7,113,020 | kg
OLGA-T2A- Aluminium
Double Glazing double-glazin 329.86 320.92 321.50
Windows-East & &
Olel Tz Aluminium
Double Glazing double-glazin 1,566 1,549 1,558
Windows-North g &
OLGA-T2A- Aluminium
Double Glazing double-glazin 839.58 847.41 838.42
Windows-South & &
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Shel Tz Aluminium
Double Glazing double-glazin 33.85
Windows-Top g &
OLGA-T2A- Aluminium
Double Glazing double-elazin 31291 282.12 303.35
Windows-West & &
OLGA-T2A-Single Alurminium
Glazing Windows- single-glazin 42.29 41.81 41.81
North gleg &
OLGA-T2A-Single Alurminium
Glazing Windows- single-glazin 1,716 1,736
South gle-g &
OLGA-T2A-Triple Aluminium 2
Glazing Windows triple-glazing /o) Sl m
Parpaing de 15 3,982,143 4,021,658 4,021,688 4,019,133 kg

In the assumptions, the weight of fabricated materials is considered to be 5 % higher than the quantity
required, to account for on-site processing, damaged elements, and surplus purchases. Materials are
assumed to be transported by truck over a distance of 100 km from factories. The lifespans of building
elements are defined as follows: 10 years for finishes (e.g. painting), 20 years for equipment, 30 years
for windows and doors, and 50 years for the building structure. Materials and equipment are replaced
at the end of their service life during the renovation stage. The distance from material factories to the
construction site is assumed to be 100 km, and also from the site to recycling facilities (but 20 km to
landfill and incineration). These assumptions can be set in the software interface, as shown below.
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'.',a Pleiades ACY

|:| Take into account occupants daily transport

|:| Simlpify by treating all material as inert waste on end of life

Construction site material surplus %

Element categories default typical lifespan

Indoor Daoors Ijl years Glazing Ijl years Cladding years
Facades Daoors Ijl years Glazing Ijl years Cladding years
QOwerall Equipments Ijl years Others ESame as building

Transportation distances

Praduction site to yard km  Siteto landfill at the end of life | 20| km

Figure 4-74: Interface of assumption settings in Pleiades LCA.
The total number of occupants, resulting from ratios of m2 per person for different uses, is 5,611 and
the useful (net) area (SURT) is assumed to be 57,793 m?2 for Terminal 2A. These could be set in the
interface below.

OLGACDGT2A / Cocovi.1-night ventilation

o) Pleiades ACV

Typologie Occupation  Administratif
Données
Nombre d'occupants du batiment SHOM RT m* Nombre d'occupants / m? SHON RT SHAB ou SURT m? Surface plancher m?

Gestion des occupants
O Par zone
| 5610.76 o[ = 57793 | 9] @ par batiment

[] Gérer le détail des occupants par zane

Figure 4-75: Interface of occupant number and useful (net) area settings in Pleiades LCA.

Regarding energy consumption, four main uses are considered: heating, cooling, domestic hot water
(DHW), and specific electricity (including lighting and ventilation). Heating and DHW are supplied by
district heating, which is based on a heat generation mix of 75 % natural gas and 25 % wood. Cooling
is provided by a heat pump powered by electricity, with an Energy Efficiency Ratio (EER) of 4. Specific
electricity is supplied from the electricity grid, with a network loss of 9 %. The electricity mix is
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assumed to consist of 64 % nuclear, 10 % hydro, 10 % natural gas, 10 % wind, 5 % solar, and 1 %
renewable thermal. Data on French electricity production and imports is provided by the French
transmission system operator RTE. These parameters can be set in the interface below.

"'I Pleiades ACV OLGACDGTZA / Cocov3.1-night ventilation

[ uti des i de ¢ ition horaire du mix de production de I'électricité en France
Production d'électricité de base
Pertes réseau éléctrique 945 %

[ S e

\—| hudtear v|%|:HHydlauli( v [10 & % = Natural gas w|[10 3 |9 =] wina v [10 % 9% (= sotar [ 5 2% —| REnThermal MIER
Caracté €2 Needs/c

Type d'énergie

‘ Type d'énergie pour le chauffage Urban network ~ | |Type d'énergie pour I'eau chaude sanitaire Urban network ~ |

Caractéristiques des équipements

‘Iz‘cl\matlsatlon EER E”

Réseau de chaleur urbain

Pertes réseau de chaleur urbain %

Les parts des différentes énergies sont trés variabies d'un réseau & (gutre, vous devez les adapter au contexte local
Production de chauffage

- Add resource to mix

|— Natural gas | 5% |—| Wood | %
Production d'eau chaude sanitaire

- 2dd resource to mix

|—| Natural gas | 5% |—| Wood | 5%

Visualisation du détail des énergies du batiment

Figure 4-76: Interface of energy settings in Pleiades LCA.

The water network leakage is set at 20 % (average in French cities), and the hot and cold water
consumptions are set at 1 liter/day/person and 10 liters/day/person. The daily transportation of the
persons and waste generation are not included in this study. These could be set in the interface below.

) Pleiades ACV OLGACDGT2A / Cocovs.1-night ventilation-optimisation26

Fichier Affichage Outils Aide

[ Gestion simplifiée (les saisies d'équipement et de comportement ne sont pas prises en compte]

Consommation
Général

Rendement du réseau d'eau % []Présence de toilettes séches La é d'eau chaude pri: dans | lculs est de 55°C

Eau Chaude Sanitaire

Consommation d'eau thaude Ijour/persanne

Eau Froide
Consommation d'eau froide ljour/personne

[[]Gérer le détail de la consommation d'eau par zone
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Figure 4-77: Interface of water consumption settings in Pleiades LCA.

A distance of 20 km is assumed from the site to the landfill during the deconstruction stage, the

distance is the same to the incineration site. The distance to the recycling centre is assumed to be
100 km.

@ Pleiades ACV OLGACDGT2A / Cocov3.2-Renov2 f ACV : Cocov3.2-Renov2.]
Fichier Affichage Outil Aide

Sk 2 el B o8 ¥

Energy Carbon Results District
uuu Main data @ Elements Energy 6 Water i Waste
all’'a L
Collecte sélective du verre Collecte sélective du papier
5 O oui O Man . ) oui O Non
Werre trié ‘366 Papier trié %
Incinération Distances
0 Déchets incinérés % i g Distancedu site a la décharge pour déchets ménagers km
Valorisation 3 l'incinération Ooui ONon Distance du site a Fincinérateur m
Energie substituté |N.atulal gas V|
Distance du site au centre de recyclage 100 % | km
Rendement de |a valarisation 0% |%

[[Iprendre en compte les déchets ménager CD Réinitialiser

Déchets ménagers

] Gérer le détail des déchets ménagers par zone

Poids de déchets gﬂoun’personne

Figure 4-78: Interface of waste settings in Pleiades LCA.

To evaluate the impacts of the renovation works, two LCAs must be conducted for each optimisation
scenario: one assessing the impacts of the removal of old materials, and the other evaluating the
impacts of the construction of new materials. For the first part, the LCA should be performed using
the original model (before renovation): only the end of life of the disposed elements (old glazing) is
considered, and all other processes (e.g. fabrication) are not accounted for. For the second part, LCA
should be carried out using the renovated model (after renovation), i.e. the model with the

corresponding optimised insulation parameters. Fabrication processes are accounted for regarding
the added insulation materials and new glazing.

In the LCA of the scenario without renovation, only impacts from the use stage until deconstruction
are considered because there is no renovation work.
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4.6.2.21 Optimised point 14

For optimised 14, only double glazing windows on the top are replaced with the low-emissivity double
glazing windows. Therefore, to quantify the impacts of renovation works, only elimination of the
default double glazing windows on the top is considered. The corresponding associations are
displayed in the figure below.

Q) Pleiades ACY OLGACDGT2A / Cocovs.1-night ventilation / ACV : Cocovs.-night ventilation-Optimised14-no recycle- repeat

Affichage Outils Aide

[ a h ~ | 1Y —
a . = 1 B ¥
7, N Y S

Reset
Lifes.. .
Iy . Composition e Name . | Production | Elimination e Elimination : Avoided impact
OLGA-T2A-Chape - Nomat
Béton lourd Mo,
OLGA-T2A-Double Glazing Windows-East No.
OLGA-T2A-Double Glazing Windows-Top No. m double vitrage - m2 - recyclag: Nomatch
Default No.
Parpaing de 15 No.
Enduit extérieur Mo
OLGA-T2A-Single Glazing Windows-South No.
OLGA-T2A-Single Glazing Windows-North No.
Glazing door No.
OLGA-T2A-Double Glazing Windows-North Mo
Mo,
Mo,
uble Glazing Windows-South Mo,
ue) Mo
Nomat
Glazing Windows-West - Nomat

Figure 4-79: Project match window for Optimised 14 scenario before renovation.

The production of low-emissivity double glazing and the insulation layer of glass wool (laine de verre)
should also be considered in the impacts of renovation work. Glass wool (laine de verre) is supposed
to be landfilled at end of life. The corresponding associations are displayed in the figure below. It
should be noted that this part was conducted using the optimised model after renovation.

A Pleiades ACY OLGACDGT2A / Cocov5.1-night ventilation-optimisation14

Fichier Affichage Outils Aide

“Bsloll 2 B §
€ : B 8 w
0+ X Project  Cio oo Results Distict
B <oone @ emrmiions @ s o vt @, i
Reset

-, Composition Name

. Production Elimination
OLGA-T2A-Chape

Béton lourd

OLGA-T2A-Double Glazing Windows-East.
Default

OLGA- gle Glazing Windows-South
gle Glazing Windows-North

Glazing door
OLGA-T2A-Double Glazing Windows-North
or

Figure 4-80: Project match window for Optimised 14 scenario after renovation.
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4.6.2.2.2 Optimised point 26

For optimised 26, double glazing on the top (roof) and single glazing on the south facade are replaced
with triple glazing and low-emissivity double glazing respectively. Therefore, the elimination of these
two should be considered in the impacts of renovation works.

OLGACDGT2A / Cacovs.1-night ventilation / ACV : Cocovs.T-night ventilation-Optimised14-no recycle-repeat

Fichier Affichage Outils Aide

~a~lgl ~ H @
@ e 2 M B ¥
> Project Lo iieon  Resus District
' Général . Emvironmental library Q Library match _ﬁ Project data. .;b_ Project match
Reset

Ty Composition Name Production Elimination Elimination : Avoided impact

OLGA-T2A-Chape
Béton lourd
OLGA-T2A-Double Glazing Windows-East

zze

3

lazing Windows-Top

2333

lazing Windows-South
lazing Windows-Nerth

le Glazing Windaws-North

35333

lazing Windows-South
jue)

OLGA-T2A-Double Glazing Windows-West

Figure 4-81: Project match window for Optimised 26 scenario before renovation.

Production of low-emissivity double glazing, triple glazing and the insulation layer glass wool (laine de
verre) should also be considered in the impacts of renovation works. The corresponding associations
are displayed in the figure below. This part was conducted using the optimised model after renovation.

OLGACDGT2A / Cocov5.1-night ventilation-optimisation26

5
hage il i
w B~ AN
B~Nel & ¢
a0+ X Project oo i Resubts District

;
BB oo @ o €8 warns 5 s i s

= Composition Name

. Production Elimination
OLGA-T2A-Chape

Béton lourd

OLGA-T2A-Double Glozing Windows-East
Default

Parpaing de 15

Enduit extérieur

OLGA-T2A-Triple Glazing Windows

BEC-Double-vitrage peu émissif argon
OLGA-TA-Single Glazing Windows-North
joor

OLGA-T2A-Double Glazing Windows-West

Figure 4-82: Project match window for Optimised 26 scenario after renovation.

4.6.2.2.3 Bestinsulation

For best insulation, all double glazing and single glazing are replaced with triple glazing, so the
elimination of all these windows is supposed to be considered in the impacts of renovation works.
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OLGACDGT2A / Cocovs.1-night ventilation / ACV : Cocovs. 1-night ventilation-Be n-no recycle-50V-final

Fichier Affichage Outils Aide

;2slel & B 8

2 s
a0+ X Project  Erci) Corbon  Results

oje it District
BB coen @ ccnmemron € iy 4 s @, o
Reset
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OLGA-T2A-Double Glazing Windows-East - Nom age - m2 - recyclage Nomatch
OLGA-T2A-Double Glazing Windows-Top - Nom rage - m2 - recyclage Nomatch
Default Nom
Par Nom
n v Nom
gle Glazing Windows-South - Nom m2 - recyclag Nomatch
gle Glazing Windows-North - Nom m2 - recyclag Nomatch
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uble Glazing Windows-North - Nom m2 - recyclag Nomatch
Nom
Nom
-Double Glazing Windows-South - Nom m2 - recyclage Nomatch
énérique) Nomatch
Nomatch
-Double Glazing Windows-West - Nomatch m2 - recyclag Nomatch

Figure 4-83: Project match window for Best Insulation scenario before renovation.

As for the model after renovation, the production of triple glazing and the insulation layer glass wool
(laine de verre) should be considered in the impacts of renovation work.

OLGACDGT2A / Cocovs.1-night ventilation-best insulation(all triple)

Fick

I A £l =

203 = B B
kd Project Energy Carban Results District

7,/ Y S —
. Lifes.. . PP
Iy Composition Name Production Elimination
OLGA-T2A-Chape
Béton lourd

Figure 4-84: Project match window for Best Insulation scenario after renovation.
4.6.3 Impact assessment

Eight impact indicators have been selected to evaluate the environmental impacts of Terminal 2A, as
listed in the table below. Beside climate change, resource depletion is considered (primary energy,
water, and minerals) as well as waste (radioactive and others), and two damage indicators (human
health and ecosystems).

Table 4-11: The 8 indicators selected in the study.

Climate change (kg CO2 eq.)

Abiotic depletion potential, minerals and metals (kg Sb eq.)

Total primary energy use, without raw material (MJ)

Net water consumption (m3)
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Eliminated wastes, total (kg)

Eliminated radioactive wastes (kg)

Total damage, ecosystem quality, ReCiPe2016 - H (species.yr)

Total damage, human health, ReCiPe2016 - H (DALY)

4.6.4 Interpretation of results
4647 CO2emissions

The CO, emissions for the different scenarios are presented first, as climate change is one of the most
pressing concerns. Figure 4-85 illustrates the total climate change impacts for the four scenarios. As
shown in the figure, emissions from the use stage contribute significantly to the overall impact,
whereas emissions from the renovation works are much lower. Furthermore, thanks to the improved
insulation conditions applied in the three renovation scenarios, emissions during the use stage are
significantly reduced due to lower operational energy consumption. In comparison, the increase in
emissions resulting from the renovation works is almost negligible.

Climate change (kg CO2 eq./m2/year)
40
35
30
25
20

15
- I I I
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Figure 4-85: Total climate change impacts for the four scenarios.

Figure 4-86 provides a more detailed view of the emissions associated with the renovation works
across the selected scenarios. It is clear that emissions from renovation increase in line with
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improvements in insulation conditions. Although the deconstruction of old materials also increases
slightly with increased insulation, it is consistently the construction of new materials that accounts
for most of the renovation-related impacts. Specifically, the construction stage contributes 99.96 %
of emissions under the Optimised 14 scenario and 96.02 % under the Best Insulation scenario.

Climate change (kg CO2 eq./m2/year)
04
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0.25
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0.15
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0.05

Optimised 14 Optimised 26 Best insulation

Deconstruction M Construction

Figure 4-86: Climate change of renovation works across the three selected scenarios.
4.6.4.2 Impacts over the whole life cycle

Figure 4-87 presents a comparison of the total impacts across all indicators for the four scenarios.
Each axis of the radar graph corresponds to an environmental indicator. The scenario without
renovation is considered as a reference, and the three scenarios with renovation are expressed as
relative values compared to the reference. For instance, the climate change indicator with renovation
corresponds to around 40% of the reference value (without renovation), i.e. renovation reduces GhG
emissions by around 60%.

As shown in the figure, the improved insulation conditions result in a reduction in total impacts for all
three selected scenarios across nearly all indicators, with the exception of abiotic depletion potential.
On average, the reductions are 28 % for Optimised 14 and Optimised 26, and 29 % for the Best
insulation scenario. While the differences between the original model and the three insulated
scenarios are substantial, the differences among the three insulated scenarios themselves are
relatively minor. The Best Insulation scenario achieves an average reduction of 5 % in total impacts
across all indicators compared to Optimised 14, and 2 % compared to Optimised 26. The abiotic
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potential indicator increases with renovation due to the need of resources to produce new glazing
and insulation, but this increase is very small compared to the reduction of e.g. GhG emissions.

Total impacts
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Figure 4-87: Comparison of total impacts for the four scenarios.

Regarding the contribution to total impacts across all indicators, taking the Optimised 14 scenario as
an example, it can be observed that the use stage is the dominant contributor for all indicators, with
an average share of 99 %.
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Figure 4-88: Contribution of total impacts for Optimised 14.
4.6.4.3 Impacts of the use stage

The impacts of the use stage for the four different scenarios are shown in Figure 4-89. As can be seen,
due to the significant reduction in operational energy consumption—particularly for heating, as
discussed in Section 4.4.3.3—the impacts during the use stage have been reduced across nearly all
indicators, though to varying extents. On average, the reduction in impacts during the use stage is
28 % for Optimised 14, 29 % for Optimised 26, and 30 % for the Best Insulation scenario.
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Figure 4-89: Impacts of the use stage.

4.6.4.4 Impacts of renovation works

Figures 4-90 to 4-92 illustrate the impacts of the renovation works for the three selected scenarios
individually. Regardless of the scenario, the construction of new materials consistently accounts for
the majority of renovation impacts across all indicators. Specifically, the share of impacts from the
construction of new materials is 99.9 % for Optimised 14, 96.7 % for Optimised 26, and 93.7 % for
the Best Insulation scenario. However, as the insulation conditions are improved, the proportion of
impacts resulting from the deconstruction of old materials also appears to increase.
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Impacts of renovation works: Optimised 14
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Figure 4-90: The share of impacts of renovation works for Optimised 14 scenario.

Impacts of renovation works: Optimised 26
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Figure 4-91: The share of impacts of renovation works for Optimised 26 scenario.
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Impacts of renovation works: Best insulation
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Figure 4-92: The share of impacts of renovation works for the Best Insulation scenario.

4.7 Comparison with decarbonation of the district heating network

It is planned to reduce the GhG emissions of heat generation by reducing the % of gas and
implementing heat pumps and a geothermal system. The initial mix is 75% gas and 25% wood, leading
to 230 g CO2 eq./kWh heat including 10% losses in the district heating pipes and 10% in the
distribution system. The planned future mix will be: 40% gas, 24% wood, 21% geothermal, 15% Heat
pumps, leading to 150 g CO2 eq./kWh heat (including the same losses).

The LCA of the building before and after renovation were performed again using this new district
heating system, in order to compare different scenarios as shown in the graph below.
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Figure 4-93: Comparison of scenarios for both envelope and district heating.

Renovating the envelope would allow a higher reduction of GhG emissions than modifying the district
heating system. Improving both the performance of the envelope and the district heating system
would not save much more GhG emissions than just renovating the envelope.

4.8 Meeting with decision makers

Optimisation led to various possible scenarios along a Pareto front, which were presented to decision
makers. The Figure below shows possible optimised projects. Solution 14 focuses mainly on thermal
insulation, while solution 26 integrates the replacement of the window associated with the insulation.
Those two proposals could be considered as a minimum (solution 14) and a maximum (solution 26)
thermal optimized project, avoiding both too weak performance and too high investment cost.
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Some renovation measures may be difficult to realise because of practical reasons: some renovation
works require closing a part of the airport, which is difficult to manage. It is therefore useful to analyse
the effectiveness of each measure in order to help in the decision-making process. Simulation was
performed, starting from the project before renovation and adding each measure one after the other.

Additional results are shown on the next figure in the case of optimisation scenario n°14, also
including the results of the best insulation case.
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Insulating the roof reduces the heating load by one third, as well as insulating the floors of spaces
occupied by passengers. Insulating other floors, facades, and replacing roof windows is less efficient.

The roof can be insulated in most parts (curved ceiling of technical spaces rather than horizontal roof)
without disturbing the exploitation of the terminal, and this renovation measure is most efficient. It
will therefore be prioritized if a renovation project can be planned. Insulating the floor is more
problematic because a lot of networks are situated under the floor where the insulation layer would
be placed. It can be acceptable only in some parts of the building. Insulating facades is less efficient
and may generate an economic burden because work must be carried out in the restricted area under
airside exploitation. It strategically should be done when conformity to regulations must be achieved
or when some elements show damage, which begins to be the case at CDG. Wooden frame glazing
could be preferable rather than aluminium in order to decrease the heat loss coefficient and reduce
CO2 emissions. Free night extraction ventilative cooling could be tested in a small part of the building
and be associated with free cooling regulation for the ventilation mechanical systems. Generalization
could be foreseen if the results are satisfactory. Surrounding noise, indoor air quality and automation
(manual opening is prohibited) are the specific points to be taken care of.

The meeting raised a new question, concerning the replacement of glazed surfaces with opaque
surfaces depending on the orientation of the facades. New simulations were performed, starting with

This document is property of the OLGA Consortium and shall not be distributed or reproduced
without the formal approval of the Consortium

208/214



OLGA_D4.5_Report including a methodology proposal for design and conception of refurbished
airport Terminals_ARMINES_20251119_v1.docx

the “best insulation” case (in which all transparent elements are triple glazed). The elements were
replaced with opaque ones including 15 cm insulation, corresponding to a U value of 0.25 W/(m2.K)
and a solar factor of 4%. North oriented glazing was first replaced, then also East, West, and South
(i.e. all facades). The corresponding results are shown hereunder.
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Opaque facades reduce the cooling load, but increase the heating load except for the North
orientation. This is due to the reduction of solar gains. The overall variation remains small. The
following graph shows that effects on heating and cooling may compensate when evaluating
greenhouse gas emissions.
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According to these results, corresponding to the new planned district heating system integrating
geothermal energy, GhG emissions are reduced with opaque facades, except for South orientation
because higher solar gains reduce the heating load and related emissions. The reduction is
nevertheless only 4% when North, East and West facades are opaque compared to the “best
insulation” case. It should also be noted that the GhG emissions are lower for the fabrication of
opaque materials compared with glazing.

The optimization analysis has been applied only on the insulation and the cost of investment
parameters. Other KPI could be evaluated if this approach would be implemented in refurbishment
process by airport operators.

5 Prospects in terms of replication

This report was forwarded to our colleagues in charge of studying renovation projects in Zagreb and
Cluj airports. Terminal buildings were modelled and it is possible to perform similar evaluations using
thermal simulation, optimisation and life cycle assessment.

6 Conclusion and outlook

A methodology was developed to reduce GhG emissions of existing airport terminals by studying
renovation projects. It consists of elaborating a building model, either following the BIM approach or
a simplified modelling approach, performing thermal simulation, preferably calibrating the model using
measured energy consumption data, implementing an optimisation algorithm to identify energy and
cost-efficient renovation measures, and evaluating the environmental performance, and particularly
the reduction of GhG emissions, using life cycle assessment.

The first test of this methodology on an ex-post case study (CDG Terminal 2B and BD link) showed
the advantage of using AutoCAD format plans instead of BIM, both in terms of modelling efforts and
computation time. Reducing the computation time by simplifying the geometry (e.g. reducing the level
of detail and number of segments in the representation of rounded surfaces) and zoning (grouping
rooms with the same use in larger zones) is essential in order to perform hundreds of simulation runs
required by optimisation algorithms.
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This return of experience benefited the ex-ante case study. The simplified methodology was used to
elaborate a renovation project of CDG Terminal 2A. Results were presented to decision makers in
order to study their relevance, particularly regarding the feasibility of renovating the envelope while
the terminal is in use. Decarbonation of the district heating system by implementing a geothermal
heat source and heat pumps was also studied.

Replication of this process will be studied in Zagreb and Cluj in order to check its relevance in various
contexts.
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