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1. INTRODUCTION

Tyre4Buildins Calculation Tool was developed within the Tyre4Buildins research project [1]. The Tyre4Buildins -
Recycled tyre rubber resin-bonded for building insulation systems towards energy efficiency - research project is
focused on the use of recycled tyre rubber for the development of an innovative and sustainable thermal insulation
material that promotes the increase of energy efficiency of buildings. The research work performed is essentially
directed towards improving the performance of LSF (Lightweight Steel Framed) constructions, acting in four main
research areas: i) thermal behaviour and energy efficiency; ii) development of new thermal insulation solutions; iii)

acoustic behaviour and noise attenuation, and; iv) sustainability and life cycle analysis.

This research project started in July 2018 and has a total duration of four years (3+1). The research work, involving
Civil Engineering and Chemical Engineering, is carried out in the Departments of Civil Engineering (DEC) and
Chemical Engineering (DEQ) of the Faculty of Science and Technology of the University of Coimbra. Furthermore,
the project is integrated in two research centres: i) ISISE - Institute for Sustainability and Innovation in Structural
Engineering, and; ii) CIEPQPF - Centre for Research in Chemical Processes and Forest Products Engineering. Funding
is provided by the European Regional Development Fund (ERDF) through the Competitiveness and
Internationalisation Operational Programme - COMPETE and by national funds through the FCT - Foundation for

Science and Technology. More information can be found on the project website: www.tyre4buildins.dec.uc.pt.

TyredBuildins Calculation Tool evaluates the performance of Lightweight Steel Framed (LSF) walls, regarding
thermal behaviour, energy efficiency, environmental impacts and costs. Therefore, this tool comparatively
evaluates the performance of two LSF walls: (1) a reference wall (Solution A), and; (2) a thermally improved wall
(Solution B). The assessment of these two LSF walls is performed considering four features: (1) thermal
transmittance (Module 1); (2) energy benefits (Module 2); (3) life-cycle assessment (Module 3), and; (4) cost-benefit
analysis (Module 4). Furthermore, a fifth module (Module 5) performs a multicriteria analysis that provides help to

decide what is the best solution in an overall perspective.

This document is a user guide for the Tyre4Buildins Calculation Tool, being organized in seven main chapters, as
explained next. After this brief introduction, the framework of the tool is presented, including the general structure,
its format and layout, as wells as their Excel worksheets. Then, the inputs of the Calculation Tool are described and
after the calculation methodology and their respective outputs are also described. Next, the computational
accuracy of this Tool is verified for each one of the five calculation models. In Chapter 6, a design example is
presented. To conclude, some final remarks are provided in Chapter 7, which are followed by the list of bibliographic

references used in this document.

Copyright © Universidade de Coimbra. All rights reserved 8
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2. CALCULATION TOOL FRAMEWORK

2.1. General structure

The general structure of this tool, namely the identification and location of the main inputs and outputs, is

illustrated in Figure 1.

SOLUTION A SOLUTION B MULTICRITERIA
DATABASES (Reference Wall) (Improved Wall) ANALYSIS
Materials Building Features Building Features N
InpUtS Locations Wall Configuration Wall Configuration e
™ r ™\ 4 ™)
MODULE 1 MODULE 2 MODULE 3 MODULE 4
U-Value Calculator ) L Energy Benefits ) L Life-Cycle Analysis ) Cost-Benefit Analysis )
Y Y v L J
§ Costs
Outputs g:g::ﬂg SZE:LE;?‘;?Y Environmental Impacts Benefits
oy Payback Period
l A’
MODULE 5 |

\ Multicriteria Analysis )

Final Output | BEST SOLUTION

Figure 1 — General organization framework of the calculation tool.

The first step for the operation of the tool is the inputs definition. The inputs required to run the tool are grouped
into 3 sets: i) definition of a reference LSF wall (Solution A); ii) definition of an improved LSF wall (Solution B), and;
iii) definition of the weighting factors of the multicriteria analysis. For the definition of the LSF walls under analysis
(solution A and Solution B), besides the configuration of the LSF wall, some features related with the building where
the wall will be installed should be also inserted. Moreover, the weighting factor values for the multicriteria analysis
should be also defined. These factors express the importance attributed to the parameters under evaluation and
should be defined on two levels: i) weighting factors for the final results of Modules 2 to 4, and; ii) weighting factors

for the environmental indicators of Module 3.

Copyright © Universidade de Coimbra. All rights reserved 9
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The outputs of this calculation tool are organised into 5 calculation modules. The Module 1 - U-Value Calculator,
computes the thermal transmittance (and the thermal resistance) of the LSF walls using five analytical calculation
methods. Module 2 - Energy Benefits, provides the predicted saved energy in terms of final energy (electricity),
resulting from the use of the thermally improved LSF wall solution, instead of the reference solution with a lower
thermal performance. Module 3 - Cost-Benefit Analysis, calculates the total cost from the cost of each material that
constitutes each LSF wall solution under analysis, and estimates the monetary benefit provided by the saved energy
previously assessed in Module 2. Module 4 - Life-Cycle Analysis, estimates the environmental impacts associated
with the LSF wall solutions considered, based on a life-cycle analysis. Finally, Module 5 - Multicriteria Analysis
performs a multicriteria analysis considering the results obtained in the Modules 2, 3 and 4 and provides the overall

evaluation of each LSF wall solution analysed, indicating which is the most favourable solution.

2.2. Format and layout

Tyre4Buildins Calculation Tool was developed in Microsoft Excel format and the general layout of the tool is

presented in Figure 2.

| Input/Output designation Project identification

{ U-VALUE CALCU LATOR R

Module 1 | i name_J

User name: Telmo Miguel r1a:1ms Ribeiro File name: Tyre48uu|d|ns Project
]

Inputs { Control buttons || Solution identification | | Control buttons  [SE e S
Element layers
d Material 1 Material 2
Interior ._I.ayer mm] ___ Description ) | A Wigm Ky 1 R [(m=Kyw] Description i A PWim K R [im*Kyw]
1 125 | Gypsum Board (12,5 mm) | 0175 | 007
2 12.0 OSB (12 mm) 0130 008
3 90.0 Mineral wool (80 mm) 0035 | 257 Steel C90U93 (90 mm) 50.000 0,002
4 120 0SB (12 mm) 0130 0.08
5 50.0 ETICS EPS (50 mm) | 1.44
13 -
7 = = = | =
8
9 | =
10 —
Exterior
|Surface thermal resi e Method Biramoter 1-150 6946 2-G lewski 3-G lewski 4-G lewski 5-ASHRAE |
Rsi _1 Rse selection d Method Method 1 Method 2 Method 3 Zone Method
013 0.04 1 ~|'R Hm KywW) 342 3.50 342 3.49 3.35
[im*KyW] [{m™KpW] u [\c’u;mzK] 0.29 0.29 0.29 0.29 0.30

Figure 2 — Tyre4Buildins Calculation Tool general layout.

From top to bottom of the worksheet, the first strip displays the name of the input or output and project
identification. Then, a black strip is reserved for the information related to the workbook being used, namely, the
username, the file name and the date. Next, there is a strip containing the control buttons and, when applicable,

the identification of the solution being analysed. Finally, the remaining space is the tool’s operating area, where all

Copyright © Universidade de Coimbra. All rights reserved 10
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the data related to each worksheet is displayed. The control buttons adopted are intended to facilitate the
“navigation” within the Excel tabs of the tool. The control buttons of the tool and their respective functions are
shown in Table 1.

Table 1 — Control buttons and respective functions.

Control Button Function
Add Location Go to Location Database tab to add a new location
Add Material Go to Materials Database tab to add new material
Back Go to the previous tab
Inputs Go to the Inputs first tab
Modules Go to Modules tab
Next Go to the next tab
Start Menu Go to Start Menu tab

Moreover, this Calculation Tool uses a colour coding to facilitate the interpretation of input or output cells. The

colour coding adopted is described in Table 2.

Table 2 — Implemented colour coding.

Cell colour Meaning
|:| Generic input
/1 Dropdown list input
/] Input from a database

[ 1] ] Output value

Regarding the organisation of the information within the

Calculation Tool, four levels can be considered, as

illustrated in Table 3: i) worksheet; ii) section; iii) area, and; iv) field.

Worksheet

*

User name: Telmo Miguel Martins Ribeiro

1

HE CARCU LATOE

File name: Tyre4Buildins Project

Tyre4Buildins Project
DEC - FCTUC

Date: 27/01/2022

inputs | Modules F . 1
o7 e L N
[Etement layers o
d Material 1 Material 2
Interior e [mm] Description A [WimK) 1 R [(m*K)W] Description | A [WimK)} R [{m*KyW)
1 125 Gypsum Board (12,5 mm) 0175 0.07 - | -
2 120 0SB {12 mm) 0130 0.09 =
3 900 Mineral wool (90 mm) 0035 257 Steel COO/OA (80 mm) \ 50.000 0002
4 120 0SB {12 mm) 0.120 0.09
5 500 ETICS EPS (50 mm) 1.44 \
= B - |
’ - |
9 - \ —
10
Extarior
Surface th | t Method e 1-150 6946 2 - Gorgolewsk 3 - Gorgol 4 - Gorgol 5 - ASHRAE
Rsi 1 Rse Combined Method ! 1 Method 2 Method 3 Zone Method
013 0.04 4 R H{m3K)w] 3.42 3.50 3.42 3.49 3.35
(e k)] [(m* kW) U [Wim?K) 0.29 0.29 0.29 0.29 0.30

Figure 3 — Organization levels of the tool inform

Copyright © Universidade de Coimbra. All rights reserved
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2.3. Worksheets

The Tyre4Buildins Calculation Tool workbook is composed by 21 worksheets organized into four categories,
depending on their type of function: i) Introduction; ii) Inputs; iii) Outputs; iv) Databases, and; v) Calculation. The
identification and the function of each tab of Tyre4Buildins Calculation Tool worksheet are shown in Table 3. In

Figure 4, the groups of tabs existing in the tool are displayed.

Table 3 — Identification and function of the worksheets.

Category Worksheet identification Function
HomePage Tyre4BuildIns Calculation Tool logo; Tyre4Buildins Project identification; Authors
w Username; File name; Date
SA_Inpl Solution A (Reference) inputs for building features
SA_Inp2 Solution A (Reference) inputs for LSF wall configuration
Inputs SB_Inpl Solution B (Improved) inputs for building features
SB_Inp2 Solution B (Improved) inputs for LSF wall configuration
MCA_Inp MultiCriteria Analysis inputs (weights)

Selection of Modules 1-5

Module 1 — U-value Calculator for Solution A

Module 1 — U-value Calculator for Solution B

Energy Module 2 — Energy Benefits Computation
SA_LCA Module 3 — Life-Cycle Analysis for Solution A
Outputs SB_LCA Module 3 — Life-Cycle Analysis for Solution B
Comp_LCA Module 3 — Life-Cycle Analysis comparison
SA_CostBen Module 4 — Cost-Benefit Analysis for Solution A
SB_CostBen Module 4 — Cost-Benefit Analysis for Solution B
Comp_CostBen Module 4 — Cost-Benefit Analysis comparison
MCA Module 5 — MultiCriteria Analysis
Mat_DB Materials DataBase
Databases Loc_DB Locations DataBase

. Tool calculation process
Calculation P

|

Introduction HomePage |IEENELD
Inputs SA_Inp1 | SA_Inp2 | SB_Inp1 | SB_Inp2 | MCA_Inp

Outputs TNVeE ol AV Energy | SALCA | SB_LCA | Comp LCA | SA CostBen | SB CostBen Comp_CostBen | MCA

Databases Mat_DB | Loc_DB

Calculation [JEEGENELRER

Figure 4 — Tabs and colours of the Calculation Tool.

Copyright © Universidade de Coimbra. All rights reserved 12
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3. INPUTS DESCRIPTION

3.1. LSF Wall Configurations: (A) Reference and (B) Improved

The comparative analysis performed by this tool requires the definition of a reference LSF wall (identified as
Solution A) and an improved LSF wall (identified as Solution B). The improvement defined in Solution B should be
(or usually is) in terms of thermal performance, i.e., higher thermal resistance when compared to Solution A. The
input data for a specific solution is carried out through the definition of two sets of parameters: (i) Building Features,

and; (ii) Wall Configuration, as detailed next.

3.1.1 Building Features Inputs
The building features of Solution A and Solution B are defined in the [SA_Inp1] (Figure 5) and [SB_Inp1] worksheets,

respectively. These worksheets aim to define a set of parameters related to the building where the LSF wall under
analysis is inserted. In [Location] section, the location of the building is defined, selecting one of two options: i)
Portugal, or; ii) Other locations.

In the [1 — Portugal] input area (left side), the municipality where the building is located, as well as its altitude
should be defined. For the municipality and altitude defined, the tool displays the respective annual Heating Degree
Days (HDD) and Cooling Degree Days (CDD), in °C, with a reference temperature of 18 °C and 25 °C, respectively,

based on the Portuguese legal requirement for the energy performance of residential buildings “REH —

Regulamento de Desempenho Energético dos Edificios de Habita¢do” [2].

{ INPUT - @ e roe

User name: Telmo Miguel Martins Ribeiro File name: Tyred4Building Project
_ Add location | <Back | Mext>

Location

Counlry 1 - Porlugal [ENABLED] 2 - Olher Locations [DISABLED]

1 - Portuaal 1 Municipality Figueira da Foz + DD ['C] 1252 +0OR=3 Lacal | Lendon_CB HOD ['C) 008

2 Altitude [m] 15 con el 500 el &
Facad 4 Climatization Systems
Mem facede (MF) | 12 b 10 CoP h| 35
- [ I b |

Back facade (BF) | i2 10 EER 35
Lell faceda (LF) Length [m] 2 Glazing Area [%] . 0
Right facade (RF) | 9 | 10
[Fioors Area of external walls |Ear.tric§ty Cost |
Hurmber of flors | 2 | ; [Cost fewam | 026 |
Heght of each fioor m] | 280 | 211.68

Figure 5 — Print-screen of the [SA_Inp1] worksheet: Inputs of building features for Solution A (Reference).
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In the [2 - Other Locations] input area (right side), other locations worldwide previously added to the [Loc_DB]
worksheet can be selected. Likewise, the respective annual HDD and CDD are displayed, being its calculation
performed using the methodology suggested by UK Met Office [3]. The equations adopted for the calculation of
HDD and CDD, are shown in Table 4 and Table 5, respectively. In this tool, the HDD were calculated using a reference
temperature (Tyf) of 18 °C and the daily CDD were calculated using a Tyf of 25 °C, based on hourly values.
Furthermore, the daily average temperature T,,; was calculated as (Tynax + Tmin)/2, where Ty is the daily
maximum temperature and T,y;, is the daily minimum temperature. The annual HDD and CDD were determined
by the summation of the daily HDD and CDD, respectively, along the year.

This calculation tool already has a weather database for 15 worldwide cities, as will be later presented in Section

3.4 (Locations Database).

Table 4 — UK Met Office equations to calculate the Heating Degree-Days [3].

Case Condition Daily HDD

1 Tmax < Tref HDD = Tyop — Tang 1)
2 Tavg < Trer < Tmax HDD = [(Trey = Tonin) /2] = [(Tmax — Trey)/4] 2)
3 Toin < Tres < Tavg HDD = (Tyor — Trnin) /4 3)
4 Tin = Tres HDD =0 4)

Tref =18 OC; Tavg = (Tmax + Tmin)/2~

Table 5 — UK Met Office equations for calculating the Cooling Degree-Days [3].

Case Condition Daily CDD

1 Trax < Tres CDD =0 ®)
2 Tavg < Trer < Trnax CDD = (Tynax — Tref)/4 ©
3 Tmin < Trof < Tag CDD = [(Tax = Trer)/2] = [(Tyef = Tomin)/4] ™
4 Tonin = Tres CDD = Tyyy — Tre 8)

Tt =25°C; Tavg = (Tmax + Tmin)/z-

The [Facades] input section (Figure 5) aims to define the length, in meters, of the building facades and the respective
glazing area (in percentage relative to the facade wall area). In this tool, in order to simplify the calculation, only
buildings with a rectangular floor geometry are allowed. Thus, only the following four facades are considered: i)
Main Facade (Lwe); ii) Back Facade (Lge); iii) Left Facade (Li¢), and; iv) Right Facade (Lgf). Since the floor geometry of
the building is rectangular, only the length of the main and left facades needs to be defined. The glazing area (G)
should be relative to the wall area and it is expressed in percentage. The number of floors (NF) and the height of
each floor (HF) should be defined in the [Floors] input section. Using the values introduced in these fields, the tool

calculates and displays the area of external walls (Ay), through the expression:

Ay = 0.01 X [Lygr X (100 — Gyp) + Lgg X (100 — Ggg) + Lyp X (100 — Gup) + L X (100 — Gge)] X NF X HF (9)
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where Ly is the length of facade x, G is the glazing area percentage of facade x, NF is the number of floors and HF
is the height of each floor.

The [Climatization Systems] input section (Figure 5) aims to define the Coefficient of Performance (CoP) and the
Energy Efficiency Ratio (EER) of the climatization systems used in the building. The CoP and EER represent the ratio
that measures the energy efficiency of the heating and cooling systems, respectively. Finally, in the [Electricity Cost]

input field (Figure 5), the cost of the electricity per kilowatt-hour should be defined.

A summary of the parameters that need to be defined in the [SA _Inp1] or [SB_Inp1] worksheets is presented in

Table 6.

Table 6 — List of the Building Features input parameters.

Parameter Description Unit
Location
Country Selection between “1 — Portugal” or “2 — Other Locations”
Municipality (1 - Portugal) Selection of the Portuguese municipality
Altitude (1 - Portugal) Altitude of the building location m
City (2 - Other Locations) Location of the building under analysis
Facades
Main facade length Length of the main facade m
Main facade glazing area Ratio between glazing area and facade area (main facade) %
Back facade length Length of the back facade m
Back facade glazing area Ratio between glazing area and facade area (back facade) %
Left facade length Length of the left facade m
Left facade glazing area Ratio between glazing area and facade area (left facade) %
Right facade length Length of the right facade m
Right facade glazing area Ratio between glazing area and facade area (right facade) %
Floors
Number of floors
Height of each floor m
Climatization Systems
CoP - Coefficient of Performance Ratio that measures the energy efficiency of the heating system
EER - Energy Efficiency Ratio Ratio that measures the energy efficiency of the cooling system
Electricity Cost
Cost Cost of the electrical energy per kWh €/kWh
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3.1.2. Wall Configuration Inputs
The wall configurations of Solution A and Solution B are defined in the [SA_Inp2] (Figure 6) and [SB_Inp2]

worksheets, respectively. These worksheets aim to define the configuration of the LSF wall solution, by layers, and

other wall related parameters, namely, the stud spacing of the steel structure and the width of the thermal break

strips.

{ I N PUT Tyre4Buildlns Project
a . DEC - FCTUC
VN
User name: Telmo Miguel Martins Pmelro File name: Tyre4Buildins Project Date: 27/01/2022
Add material < Back Next >
| Homogeneous layers | WALL CONFIGURATION | Non-homogeneous layers |
Improved Wall (B) ":" ight Steel Frame (LSF)
e Material 1 \ A W R Material 2 [4 7 R Trhickness Stud Spacing [mm] | 600
interior (Thickness) [Brand] [W/(m-K)] | [(m?KYW] | (only for non homogeneous layers) | [Wi(m-K)] | (m*K)yW]|  [mm] Steel Structure Steel CI0/UI3 (90 mm)
1 |  GypsumBoard (125 mm) 0175 | 007 125" Stud Thickness [mm] 15
2 0S8 (12 mm) 0130 | 0092 = = == Jle#og Stud Depth [mm] 90
3 Ai Cavty (10 mm) 0150 TB Strip Aerage! (10 mm) 0015 | 0667 100 Flange Length [mm] | 43
4 Mineral wool (90 mm) 0.035 257 Steel CI0/US3 (30 mm) 50.000 0.002 90.0
5 0S8 (12 mm) 0,130 0.002 12.0 [Thermal Break Strips |
6 ETICS EPS (70 mm) 2013 = = = 700 [width fmm) [ 50 |
8 o = = = [Sheathing Layers |
5 — [Thickness [mm] il 82 |
10| = — =
exterior [ Totall 2065 | | Unused layers

Figure 6 — Layout of the [Wall Configuration] inputs.

In the [Reference Wall (A)] input section (Figure 6), the definition of the LSF wall, layer by layer, is performed. The
composition of each layer is made through the selection of materials from a database existing in the tool (Materials
Database). This database, presented in more detail in Section 3.3, contains a set of branded materials, with a
predefined thickness and the respective thermal conductivity values (or R-values). This tool allows to define two
types of layers: i) homogeneous layers (only 1 material), or; ii) heterogeneous layers (2 materials). The assembly of

each layer must be carried out as explained in Table 7.

Table 7 — Instructions for the LSF wall layer assembly.

Layer type Instruction

Homogeneous layers The material must be defined in the [Material 1] field, while the [Material 2] field must be filled
(1 material) with “---1,

Non-homogeneous layers The predominant material must be defined in the field [Material 1], while the other material

(2 materials) must be defined in the [Material 2] field®.

Unused layers All unused layers must be filled with “---1,

! See the layout example in Figure 6.
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The [Lightweight Steel Frame (LSF)] input section (Figure 6) allows to define the spacing between the vertical studs
of the steel structure (stud spacing) and displays the main features of the selected steel structure, namely, the stud
thickness, the stud depth and the flange length. The width of the thermal break strips (if applicable) should be
defined in the [Thermal Break Strips] input section (Figure 6). Finally, in the [Sheathing Layers] input section, the
thicker thickness regarding to the inner or outer sheathing layers is displayed. This value is used for the operation

of the U-Value Calculator module, in the framework of the ASHRAE Zone Method [4].

3.2. Multicriteria Analysis

The weighting factors used in the multicriteria analysis are defined in the [MCA_Inp] worksheet (Figure 7). The

weighting factors should express the given importance to each parameter under evaluation and they are defined

in two categories: i) Calculation Modules, and; ii) Environmental Indicators.

{INPUTS. - o e et
; Al e,

User name: Telmo Miguel Marting Ribeiro File name: Tyred4Building Project Date: 27/01/2022
< Back ! Mext >
MULTICRITERIA ANALYSIS
Weights' Definition (Calculation Modules)
Final Energy Consumed 35% Sum,
Environmental Impacts 15% 100%
Cast it OK!
‘Waeights’ Definition (Envir 5}
Abictic Resources Deplation Potontial - Elements (ADPE) 14%
Abiotic Resources Deplation Potential - Fossil Resources (ADPF) 14% Sum
Acidification Potential (AF) 1%
Eutrophication Potential (EP) 14% 100%
Photochemical Ozone Creation Polential (POGP) 1%
Global Wanming Potential (GWF) 18% QY
Stratospheric Ozong Layer Dephtion Potential (ODP) 14%

Figure 7 — Layout of the [MCA_Inp] input worksheet.

The weights referring to the modules should be defined in the [Weight’s Definition (Modules)] input section (Figure
7) and express the relative importance regarding three criteria: energy consumption, environmental impacts and
acquisition cost. Moreover, the weights for the environmental impacts express the relative importance between
the environmental indicators considered in the life-cycle analysis (Module 3) and should be defined in the [Weight’s
Definition (Environmental Indicators)] input section. The weight values must be expressed in percentage and, for

each category, the sum of the weights must be equal to 100%.

3.3. Materials Database
This database contains the materials that can be used in the walls and it is based in [Mat_DB] input worksheet

(Figure 8). The database already contains a set of available materials, however new materials can be added
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manually at the bottom of the database. Each material is characterised by a set of parameters that ensure the

correct functioning of the tool. A description of each parameter existing in the materials database is presented in

Table 8.

{ MATEﬂALS BATABASE

User name: Tel

uel Martins Ribeira

File name: TyredBuildins Project

Inputs |

Thickness Unit Cost

N Material Hame T i AorR Thermal Refarence | Linit Consumption
pe pi

| meny )
3 - - - -
2 Grpaum Board (% mm) Freathing Panal 60 0.200 1080 mhm' 503
3 Grpsum Boand (8% mm) Shegthing Pansl { 1] 0.200 1.0 " s
4 Gypsum Board (125 mm) Sheatning Pansl LAY [RELY 1.0 mim b F Y
5 Gypsum Board (15 mm) Snesthing Pansl 0 0,185 1.0 b 190
& Gypsum Board (15 mm) Shesthing Panal =0 0.200 1.00 mam L
T O5E (9 mm| Sheatning Pansl L2 0130 100 mim' LA49
] oshi12 Sheathiy H 1.2.0 0.130 100 mhm' rae
L] QRIS Sheal i 150 0430 1. mmd aar
10 Eheathng Panel 180 0.430 1.0 mm" RLTAY
1 Ehealtwng Pardid 20 o430 1.1 ¥ 4343
12 GBS mmy »0 0.130 1.00 m4mr 1506
13 Min@ral wool (10 mm) 00 0035 100 mm oxz
H gl v 150 ) 20 ous 100 i 15
1 g woo (90 ) 2 oas 100 i am
1% ez ot (108 miry . oS 100 e e
17 Minseal wool (120 mmj Cavty NIt 1200 0035 100 mmt 389
18 Mingeal wopl (200 men} Cavity Ingulaton 2000 o035 1080 i 648
19 Faernal insutafi on 40.0 1150 100 mAer 320
20 Feternal inautaf on 50.0 1438 100 M bV al

T T by

¥ Matarial Name E— 0 e il m::h] SN LCA Reference fx ok 2L
| FaSBsate | Bl | e S0% bl P04 Seofir i £ ehuri] B3 CO2wahid | ka CFETainy el el el

.| = = ' — o e | i = -

F] Gypsurn Beard (8 men) 2ASEOT a7 STEEO) | SIEO04 | ASIE04 | 1P0F00 | 280608

3 LERE.07 (4] SAZE0) | BMEOd | AL | 1SOE00 | AGAE08

4 SAGEDT 635 TIOEDE | TAELI | BADEDE | ZGOE-00 | GI0EDB

5 SAZEOT 04z TRAE A 14E0D 11D A0 +00 [SF ] -

] FME07 .50 1708 1.58%.00 135603 AGOF +00 A.TRE-O8

T TANE07 W63 RITEOD | 1GTEO) | ATOROY | GTRES00 | RAGEAD

a AEOT 5136 140607 | 26601 | BISE0Y | AOAFW00 | 943643

] 124506 6430 138507 | 13601 | TEION | AAIE0M | 048647

" 140506 704 ABSE07 | JME0] | BADEOD | ABGE0A | 670642

n 182006 416 2020 02 48203 115602 166601 20712

12 2L 08 for.oo 2340 02 S48003 134002 180001 236012

” Minpral wool (10 mm) 112005 148 109C.03 208004 TA8LD5 165601 LR S E -

" Mineral waol (50 mm) SHOE05 1730 L0503 104203 355604 BAsE a.ase2 -

15 Mineral wool {50 mm) (LT N4 BOMAI | VATEO) | BAGEL4 | 1SZEOD | 950E1T

1% Hineral wosck (100 mmi) 1AZ2E04 3480 1ONEa2 208803 (AL S 1SDE+00 nIFE-1 — s

17 1HE04 052 TENE | 250601 | B4 | ZONW | ZAEEN -

1" 22eE04 .30 202607 | 49503 | 4603 | AIE00 | 3586

19 S20E02 053 TSN | LIELD | VBAEDY | ATEEM0 | 520607

n GS0E02 9040 1SS0 | 2IW0I | ZIE0 | LSUEA00 | GAIEDT

Figure 8 — Materials database layout.

Table 8 — Materials database parameters.

Parameter

Description

Material Name

Material designation (thickness) [Manufacturer]

Type

Type of material regarding its main function, organized by
categories:

- LSF Structure

- Cavity insulation

- External insulation

- Sheathing panel

- Thermal break strip

- Air cavity

- Others

Thickness [mm]

Thickness of the material, in mm

A [units] or R [units]

Thermal conductivity (A) or thermal resistance (R) of the material

Thermal Reference

Source of thermal conductivity (A) or thermal resistance (R) values

Unit Consumption

Consumption of the material per unit area of wall
Two options: m/m? or m?/m?
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Unit Cost [€/un] Unit cost of the material
Cost Reference Source of the unit cost value
Environmental indicators Environmental indicators values associated to the material in the

LCA Product Stage:
- Abiotic resources Depletion Potential - Elements (ADPE)
- Abiotic resources Depletion Potential - Fossil Resources (ADPF)
- Acidification Potential (AP)
- Eutrophication Potential (EP)
- Photochemical Ozone Creation Potential (POCP)
- Global Warming Potential (GWP)
- stratospheric Ozone layer Depletion Potential (ODP)
LCA Reference Source of the LCA environmental indicator values
Steel stud dimensions [mm)] Dimensions of the LSF steel studs (only applicable for “LSF
Structure” type materials):
- Flange Length (FL)
- Stud Depth (SD)
- Steel Thickness (ST)

3.4. Locations Database

The Locations Database contains the locations (beyond Portugal) available in the tool and it is based in [Loc_DB]
input worksheet (Figure 9). For each location, the database contains the values of the Heating Degree Days (HDD)
and Cooling Degree Days (CDD), for a temperature reference of 18 °C and 25 °C, respectively, being its calculation
performed using the methodology suggested by UK Met Office [3]. The database already contains several European
cities. However, new locations can be added manually at the bottom of the database, introducing the respective

HDD and CDD.

{LOCAONSPATABASE

User nama: Telme Miguel Marting Ribeiro File name: Tyre4Buildins Project Date: 27/01/2022

q s P adic
2 Copenhagen_DK b2 ]
3 Helsinki_FI 4854 4
a Minsk_BY 4452 5
& Osla_NO 6334 il
(] Stockholm_SE 4351 3
T Berlin_DE 3211 28
] Brussels_BE 2974 16
a vienna_Al 3258 35
10 London_GB 3008 [
11 Prague_CZ 3809 15
12 Athens_GR 1142 269
13 Coimbra_PT 1485 87
Insert new 14 Madrid_5P 2066 212
localion 15 Marseille_FR 1776 106
: 16 Rome_|T 1508 73
w |
8
18
0

Figure 9 — Locations database layout.
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4. CALCULATION METHODOLOGY AND OUTPUTS

4.1. Module 1 — U-value Calculator

Module 1 — U-value Calculator (Figure 10) determines the thermal transmittance (and thermal resistance) of the
LSF walls under analysis. This first module presents the configuration of the LSF wall organized by layers with an
indication of the respective thickness (d). For each layer, information on the thermal conductivity, A (if applicable)
and thermal resistance value (R) for the constituent materials are indicated. According to I1SO 6946 (2017), the
values of 0.13 and 0.04 m%-K/W were adopted for the inner and outer surface thermal resistances, respectively,

being these values also displayed in the layout of Module 1.

The thermal transmittance (U-value) defines, under a steady-state heat transfer condition, the heat flux
transmitted, perpendicularly to the wall surface and per unit area, through a given building element subject to a

temperature gradient of 1 K, being expressed in W/(m?-K). Moreover, the thermal resistance (R-Value) can be

determined from the inverse of the U-Value, being expressed in m2-K/W.

1

Tyre4Buildlns Project
DEC - FCTUC

U-VALWE CALCULATOR

Module 1 Thermal conductivity # |  Thermal resistance

User name: Telmo Miguel Martins Ribeiro File name: Tyre4Buildins Project
Inputs | Modules | : )

Layer thlckness

Date: 27/01/2022
< Back

|

Element layers”

Interior

Layer

[mm]

Material 1

|
v

=

Material 2

Description

A [Wim-K)]

I~ o o s W N =

125
12.0
100
90.0
12.0
70.0

Gypsum Board (12,5 mm)
OSB (12 mm)

Air Cavity (10 mm)
Mineral wool (90 mm)
0SB (12 mm)
ETICS EPS (70 mm)

R fmeKyw]

Description

A WimK)]

R [(m*KyW]

017%
0.130
0.035
0.130

Internal surface

External surface

Selection of the |

0.07
0.09
015
2.57
0.09
201

TB Strip XPS (10 mm)

Steel CO0/U93 (90 mm)

0035
50.000

0288
0.002

Analythical Methods |

Thermal resistance of

Thermal transmittance

thermal resistance || thermal resistance || Analytical Method 7 the wall of the wall
E:d“efnnr \ _/ /
Surfack thermal resistance Method Paisiacter 1- f§ﬁ%§ 2 - Gorgolewski 3- Gomﬁm%\ 4 - Gorgolewski 57ASHRAE |
Rsi ) Rse 1 selection| Combined Method Method 1 Method 2 Method 3 ne Method
0.13 0.04 3 R (mKyW] 4.15 4.33 3.95 4.33 /402
[im* kW] [{m® Kyw] 1] 1imk) 024 0.23 0.25 0.23 0.25

When the building element is made with homogeneous material layers and the heat flux is unidirectional, the U-

Figure 10 — Layout of Module 1: U-value Calculator (Solution B —

value can be determined by:

Copyright © Universidade de Coimbra. All rights reserved

Improved LSF wall).

©)




Tyre 1Build Ins
Tyre4Buildins Calculation Tool USER GUIDE vre g l'" _BL)

where, Ry; [m?-K-W™] represents the inner surface thermal resistance, R; [m?K-W™] represents the thermal
resistance of layer j of construction element, and Rs [m?-K-W] represents the outer surface thermal resistance.

The thermal resistance of each layer, R;, [m?-K-W] is determined by the expression:

d; (10)
R =2
] Aj

where dj [m] is the layer j thickness and A [W-m™-K™] is the material thermal conductivity of the layer j.

In the case of LSF walls, the building element is composed by a mix of homogeneous and heterogeneous layers,
being the calculation of the U-value more complex. In this tool, the calculation of the U-value of LSF walls is
performed using five analytical methods: i) ISO 6946 Combined Method [5]; ii) Gorgolewski Method 1 [6]; iii)
Gorgolewski Method 2 [6]; iv) Gorgolewski Method 3 [6] and; v) ASHRAE Zone Method [4]. A detailed explanation

of these five methods can be found in a previous publication [7] of the Tyre4BuildIns research project [1].

4.2. Module 2 - Energy Benefits

This module (layout illustrated in Figure 11) evaluates the energy benefits obtained when improving the thermal

behaviour of a wall. This module performs the calculation of the energy saved when adopting a thermally improved

wall (Solution B), compared to a reference wall (Solution A).

{ENERGY BENEFITS

Maodule 2
User name: Talmo Migual Martins Ribairo File name: Tyre4Buildins Project Data: 27/01/2022
—
Par Annual Balance
Solution A ] Solution B
U-Value 051 Wim#K<) 0.24 Wim*K) = CoelEnag, - Energy Saved
| ScuonA | =
Per unit area 4.8 kWhm® 2.5 kWh/m®
External Walls Al 252.00 2 211.68 @
b ek b g Tolal|  1148.6 KWh 437.2 KWn 711.4 ki
Localizafion Coimbra Flguaira da Foz F':c' IE H Ll
I Solution A — ‘nmﬂys lution B Enapyy
Alitude 7500 m 15.00 m e AN S U S L R Bt
Per unit area 1.7 kWhim® | 0.8 KWhim* 0.9 kWiim*
Heati s
leating Degreas Days 15208 o Total 437.9 KWh 174.7 KWh 263.2 KAh
(Ref Temperature: 18 'C) Total
. : v
Cooling Degrees Days a6 S5 o Fmnal Fr:a:yy 7 Eneigy 8
(Rel. Temperature. 25 °C) R il hfu\p!lun A, ,‘;u[ut]ml H,,,, o
» o2 T | prd
Cop kb $kh Per unil area 6.3 kWhim® | 2.9 KWhim 3.4 KWhm
Tolal 1586.5 kKWh 611.9 kWh 974.6 KWh
are = 61%
EER S ke Percentage of Soved Energy |81%

Figure 11 — Layout of Module 2: Energy Benefits.

The saved energy is quantified in terms of final energy consumed by the climatization system (e.g., electricity) and
the results are presented per year, and per heating and cooling season. The quantification of the annual saved

energy can be estimated according to the expression,

Eref Eimp (11)

Esavea = final ~ “final
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where, E;gal [kWh] represents the final energy consumed by climatization systems to compensate the amount of

E imp

heat transferred through the reference wall, by transmission and Final

[kWh] represents the final energy
consumed by climatization systems to compensate the amount of heat transferred through the improved wall, by

transmission, in kWh.
The final energy Efinq; [kWh] consumed by climatization systems, annually, can be obtained through,

heating cooling
O = O (12)

CoP EER

Efinal =

e

where er ating [kWh] represents the heat transfer by transmission through the wall from inside to outside

. co
environment, @,

oling [kWh] represents the heat transfer by transmission through the wall from outside to inside
environment, CoP is the Coefficient of Performance for heating mode, and EER is the Energy Efficiency Ratio for

cooling mode.

4.2.1. Portuguese Locations

When the building is located in Portugal, the heat transfer by transmission through the construction element (e.g.,
wall) is determined using the Portuguese legal requirement for the energy performance of housing buildings “REH
— Regulamento de Desempenho Energético dos Edificios de Habitacdo” [8]. Thus, the determination of the heat

transfer by transmission, for the heating season, can be obtained by,

_ Hey i HDD - 0.024 (13)
B 1000

heating __
tr - Qtr,i

where, Hy,.; [W/°C] is the overall heat transfer coefficient by transmission in the heating season and HDD [°C]
represents the heating degree-days for the building location, for a temperature reference of 18 °C. Moreover, for

the cooling season, the heat transfer by transmission is given by,

cooling __ _ Hiry - (Hv,ref - Hv,ext) "Ly (14)
oo = Qe = 1000

where, Hy,.,, [W/°C] is the overall heat transfer coefficient by transmission in the cooling season, Oy ref [°C] is the
reference indoor temperature for calculating the energy demand in the cooling season (equal to 25 °C), 8, ¢t ['C]
is the average outside air temperature for the cooling season, and L,, [h] represents the duration of cooling season

(4 months, 2928 hours).
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4.2.2. Other Locations

For situations in which the wall under analysis is inserted in a building located beyond Portugal, the heat transfer
by transmission through the construction element, for heating and cooling seasons, can be determined by

expressions (15) and (16), respectively:

heating _ Hep - HDD - 0.024 (15)
o 1000
cooling _ Hy - CDD - 0.024 (16)
r 1000

where, Hy,., [W/°C] is the overall heat transfer coefficient by transmission in the heating season, HDD [°C] is the
heating degree-days for the building location, for a temperature reference of 18 °C, Hy,. . [W/°C] is the overall heat
transfer coefficient by transmission in the cooling season and CDD [°C] is the cooling degree-days for the building

location, for a temperature reference of 25 °C.

For each solution, this module displays information about 8 parameters (Figure 11): i) U-value; ii) external walls
area; iii) location; iv) elevation; v) heating degree-days (HDD); vi) cooling degree-days (CDD); vii) coefficient of
performance (CoP), and viii) energy efficiency ratio (EER). Furthermore, the energy saved per season and annually

are presented, as well as the percentage of energy that was saved by using the thermally improved wall.

4.3. Module 3 - Life-Cycle Analysis

This module assesses the environmental impacts associated with the evaluated LSF walls. The quantification of the
environmental impacts is carried out considering a functional unit of 1 m? of LSF wall and the results are displayed
for each constituent material and for the global configuration of the wall. The seven indicators considered to assess

the environmental impacts are presented in Table 9.

Table 9 — Environmental impact indicators considered in Module 3.

Environmental impact indicator Unit
Abiotic Resources Depletion Potential — Elements (ADPE) kg Sb eq
Abiotic Resources Depletion Potential — Fossil Fuels (ADPF) MJ
Acidification Potential (AP) kg SO, eq
Eutrophication Potential (EP) kg (PO,)s- eq
Photochemical Ozone Creation Potential (POCP) kg C.Hs eq
Global Warming Potential (GWP) kg CO; eq
Stratospheric Ozone Layer Depletion Potential (ODP) kg CFC-11 eq
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The calculation of environmental impacts focuses on the “Product Stage” of the LCA [9]. Therefore, it covers three
stages: A1 — Raw material extraction; A2 — Transport to the manufacturer, and; A3 — Manufacturing. Stage Al
includes the extraction and processing of all raw materials and energy which occur upstream from the
manufacturing process. Stage A2 — considers the transport of the raw materials to the manufacturing site, including
road, boat and/or train transportations of each raw material. Finally, Stage A3 includes the provision of all materials,
products and energy, as well as waste processing up to the end-of waste state or disposal of final residues during
the product stage. This module includes the manufacture of products and the production of packaging material is

also considered at this stage. The processing of any waste arising from this stage is also included.

Module 3 (Life-Cycle Analysis) comprises three worksheets: [LCA_SA], [LCA_SB] and [LCA_Total]. The [LCA_SA]
(Figure 12) and [LCA_SB] (Figure 13) worksheets display the environmental impacts related to Solution A and

Solution B, respectively. Moreover, the [LCA_Total] (Figure 14) presents an overview and comparison of the two

solutions.

JLIRE-CYCLE ANALYSIS
w & Selection of the environmental DEC - FCTUC
Module 3 performance indicator

LCA stages under analysis

User name: Telmo Miguel Martins Rlbe\rc File name: Tyre4Buildins Project vare; £//U1/cuie
__inputs | _ Modules | / I selectindicator | L
e = 1
Environmental Performance Indicator ] Acidification Potential (AP) 1-] |Life Cycle Stages A1+AZ+A3]
Envil 1tal Perf of the Improved Wall Materials (per fi ional unit)
Interior Lvar | Material 1 Material 2
Aye \ Description Indicator va!ue Unit .D p | Indicator value I Unit
1 Gypsum Board (12,5 mm) 1.20E-02 | Indicator unit |
2 0SB (12 mm) 1.10E-02 - — |
3 Mineral wool (90 mm) 9.09E-03 Steel C0/U93 (90 mm) 2.58E-05 ‘
4 Air Cavity (10 mm) 0.00E+00 TB Strip Aerogel (10 mm) 3.02E-03
5 0SB (12 mm) 1.10E-02 |
[ Mortar (10 mm) kg S02-eq | kg S02-eq
7 s = — —
L Total enwronmentai impact of the
gt Indicator value of the material per wall per functional unit (1 m?2 of wall)
functional unit (1 m? of wall) et
- . T |
Acidification Potential (AP) 0.051 kg SO2-eq | ]

Figure 12 — Layout of Module 3: Life-Cycle Analysis (Solution A — Reference LSF wall).
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User name: Telmo Miguel Martins Ribeiro File name: Tyreds

Inputs I Modules. [ o e Mext>
pute. [ Meduler | 1 Select indicator -
[Enviranmental Perfarmance Ac Petential (AF) 1 |Life Cycle Stages [A1+a20a3]
|Environmental Paerformance of the Improved Wall Materials (per functional unit)
Interior e Materal 1 § . | atenal 2 §
| yar Descrplion | Indicator valua | Unit | Dascriplon | Indicaior value | Unit
1 Gypsum Board (125 mmj 1 20E-02
2 OSB (12 mm) 1.10E-02
3 Air Caaty (10 mm) 0.00E+00 T8 Strip XPS {10 mm) 306E-03
4 Mingzral waal (20 mm) 9.08E-02 Steel COOLID3 (S0 mm) 258E-05
s Air Cavity (10 mem) 0.00E 400 T8 Strip XPS (10 mm) 308E-03
[ OSB (12 mm) 1 10E-02 kg 502-89 ha 502:9q
re Martar {10 mm) 4BBE-13
a8 s L
W g = = =
Exterios 10
Envl ental Performance of the Wall (functional unit « 1 m’ of wall) ‘
Acidfication Potential (AP) 0.054 kg 502-eq |

Figure 13 — Layout of Module 3: Life-Cycle Analysis (Solution B — Improved LSF wall).
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Module 3
User name: Telmo Miguel Martins Ribeiro File name: Tyre4Buildins Project Date: 27/01/2022
Inputs |  Modules | e — < Back
1 Select indicator [
[Environmental Performance Indicator Acidification Potential (AP) 1- [Life Cycle Stages [A1+A2+A2]
—==2 Solution A: Environmental impact of the wall per functional =
unit (1 m2 of wall)
| Total ‘ 4.81E-02 kg S02-eq |
Sol 1 A
wall Solution A: Environmental impact of the wall
2 oomp 110E-02 kg 502-00 . ! )
0SB (12 mm) 1 component per functional unit (1 m? of wall)
Total ‘ 5.42E-02 kaS02-8q
Solution B
Wiallicom e
0SB (12 mm) |
0.000 0.010 0.020 0.030 0.040 0.050 0.060
Iﬂ S02-eq

Figure 14 — Layout of Module 3: Life-Cycle Analysis (Comparison).

4.4. Module 4 — Cost-Benefit Analysis

Module 4 — Cost-Benefit Analysis aims to evaluate the monetary balance when using the thermally improved wall
(Solution B), instead of the reference wall (Solution A). This module calculates the costs, in terms of materials, of
the two LSF walls considered and the monetary benefits achieved in terms of electrical energy saved (calculated in
Module 2) when using the thermally improved wall. Regarding costs, this module presents the unit cost and the
unit consumption for each constituent material, as well as the total cost of the wall. This information is displayed
in [CostBen_SA] worksheet (Figure 15) and [CostBen_SB] worksheet (Figure 16) for Solution A and Solution B,
respectively. The annual benefits are calculated considering the electrical energy saved and the electricity cost. The
[CostBen_Totall worksheet (Figure 17) presents an overview of the costs and the annual benefits, and also indicates

the payback period for the walls under analysis, i.e., the period of time until the annual benefits outweigh the

additional cost involved in the thermally improved wall.

{ COSTﬂEN ERIT ANALY?IS e oo

Module 4
User name: Telmo Miguel Martins Ribaira gl Material consumption Date: 27/01/2022
: Material unitcost [ | per unit of wall area
~ i
Cost of the Reference Wall Materials A
— Material 1 7 Material 2
Interior Description | Unit cost I Unit consumption | Description Unit cost | Unit consumption
1 Gypsum Board (12,5 mm) 3.25 €/m? 1.00 m3m? - —_—— | =
2 0SB (12 mm) 7.32 €im? 1.00 mam? e i
3 ‘ Mineral wool (90 mm) 292 €m? 1.00 m3m? Steel C90/US3 (90 mm) 6.23 €m 245 m/m?
4 OSB (12 mm) 7.32 €/m? 1.00 m3m? . I
5 | ETICS EPS (70 mm) 3878 €/m? 1.00 m3m? S T EE
6 = SN e s s
7 | - S o
8
9 | e =i e Lo
10 | Wall unit cost - N B ..
Exterior |
Cost of the Referance Wall ] Cost of wall installed
Unit cost Total cost throughout the building
74.84 €/m? 18860.05 €

Figure 15 — Layout of Module 4: Cost-Benefit Analysis (Solution A — Reference LSF wall).
Copyright © Universidade de Coimbra. All rights reserved 25



Tyre 4 Build
Tyre4Buildins Calculation Tool USER GUIDE vre : “I AL

{ COST-BEN EﬂT ANALYEIS e BEC FeTuc

Module 4
User name: Telmo Miguel Martins Ribeiro File name: Tyre4Buildins Project Date: 27/01/2022
Inputs Modules = Back Next >
|Cost of the Reference Wall Materials
(e [ : Material 1 - [ _ _ Material 2 _ .
Interior Dascnphion Unit cost Unil consumption Descriptian Uinit cost Unil consumption
i 1 Gypsum Baoard (12,5 mm) 325 €ind 1.00 madim?
2 OS8 (12 mm) 7.32 &m? 1.00 mii? — —
3 Air Cavity (10 mm) 000 €m? 1,00 miin? TR Strip XPS (10 mm) 0.09 €im? 2 45 miim?
4 HMineral wool (90 mm) 292 Eim? 1.00 mdim? Sheed CHIUL3 (90 mm) .23 &im 2.45 mim®
5 Air Cavity (10 mmj) 000 €im? 1 00 e TH Strip XPS (10 mm) 0.08 €/m? 2 45 miim?
L] 088 {12 mm) .32 &m® 1.00 mdim?®
T ETICS EPS (70 mm) 38 78 Eim® 1.00 mm®
]
4| [ R R R S
Extenor
|Cost of the Improved Wall
unit cost [ Total cost
75.28 €/m’ 18971.07 €
Figure 16 — Layout of Module 4: Cost-Benefit Analysis (Solution B — Improved LSF wall).
. A ‘ adB (] Proje
~ i D
*
odule 4
E ame = o] gue a Ribeiro e na = e4Build Proje Date 0 0
Inputs | Modules | omparis <Back
Cost . "
i Cost-Benefit balance over time (20 years)
. nit | Total 200.00 €
Solution A - el . 1
38.51 &m? 970363 €
1000.00 €
Solution B Unit Total
38.95 €im’ 8814.65 € 800.00 €
2 2 800.00 €
Difference between improved
and reference walls cost Unit [ Total #0000€
I K 0.88 KWhimPhyr | 220.6 KWhiyr 200,00 € - Years
N\ P Accumulated anual benefits
Electricity  \ | 6 7 8 equal improvement cost 19 20
| o000
Costipect b ‘ | Annual saved final energy | Cost-Benefit each year  ====Evolution o\artime
Improvement Cost 111.02 € Benefit (per year) 55.15 €lyr Payback Period 2.0yrs

Figure 17 — Layout of Module 4: Cost-Benefit Analysis (Comparison).

4.5. Module 5 — Multicriteria Analysis

Module 5 — Multicriteria Analysis (Figure 18) determines the most favourable LSF wall configuration (Solution A or
B) considering three criteria: energy consumption, environmental impacts and acquisition cost, considering the
previously defined weights. The values of each criteria, for solutions A and B, are displayed in two matrixes (Figure
18): Decision Matrix and Standardized Decision Matrix. In the Decision Matrix, the values of energy consumption
and acquisition cost by wall unit area, and the average weighted (by the weights defined in the inputs stage) of the
environmental impacts, quantified within a scale 0 to 1, are displayed (Figure 18). In the Standardized Decision
Matrix, the values of each criteria are adjusted on a scale 0 to 1 (Figure 18), where higher values mean great
benefits. The quantification of the criteria on a scale of 0 to 1 is carried out through a linear normalisation, using
the expression (17),
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=0 (17)

where, 1;; is the normalised value of criterion i and solution j, min;x;; is the minimum original value of criterion {,

and x;; is the original value of criterion i and solution j.

The evaluation of each solution is performed using a weighted average, where the influence that each one of these
aspects has in the multicriteria analysis is imposed through the attribution of the weights defined in the inputs stage

of the tool (see Section 3.2). Thus, the final evaluation (FE) of each solution, can be determined by:

FE=ECXWEc+E1XWE1+ACXWAC (18)

where, EC [dimensionless] is the standardized value of the energy consumption, Wy is the respective energy
consumption weight (in %), EI [dimensionless] is the standardized value of the environmental impacts, Wg; is the
respective environmental impacts weight (%), AC [dimensionless] is the standardized value of the acquisition cost,
and W, is the respective energy consumption weight (%). The final evaluation is presented on a scale from 0 to 1

and the best solution corresponds to the highest value.

{ Ml L'IKR HTERIA ANALYSIS eEEC “roroc

Module 5
User name: Telmo Miguel Martins Ribeiro File name: Tyre4Buildins Project Date: 27/01/2022
tn uls Modules
| Criteria Weights | Energy Consumption  Environmental Impacts Acquisition Cost |
| 35% 15% 50% | b
Evaluation
I : .
Decision Matrix | Solution A evaluation (between 0 and 1) |
. | Criteria I .
SIS Energy Consumption (unit area); Environmental impacts | Acquisition Co3 rea) | Solution A
A 31 KWh/m? 093 7484 o | 0.96
B 279 KWhim? 1.00 7528 &m? Solution B
; | Solution B evaluation (between 0and 1) f+—_| 0.99
[standardized Decision Matrix . -
) Criteria z
e | Energy Consumption | Environmental Impacts [ Acquisition Cost Best Solution
A 0.90 1.00 1.00 B
B 1.00 093 099 /
P
\4 All the values between 0 and 1 | | Solution that should be adopted

Figure 18 — Layout of Module 5: Multicriteria Analysis.
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5. COMPUTATIONAL ACCURACY VERIFICATIONS

5.1. Framework

In this chapter, the accuracy verification of the five modules of the Tyre4Buildins Calculation Tool is performed. The
main purpose of these verifications is to demonstrate that the calculation methodologies used have been correctly
programmed and that the results provided by the tool are reliable. For each module, particular cases are presented
and the results provided by the tool are compared with the results obtained by performing the calculation
procedure step by step. Additionally, in Module 1 — U-value Calculator, a comparison is made between the thermal
resistance values obtained by the calculation tool (using simplified analytical methods) and the thermal resistance
values calculated using numerical simulations in THERM software (THERM, 2022).

In Table 10, the references of the parameter values associated with each material used in this dissertation are
presented.

Table 10 — References used for the materials parameter values.

Material Thermal reference Cost reference LCA reference

Gypsum Plasterboard

[10] [10] [11]
(12.5 mm)
0SB

[12] [12] [13]
(12 mm)
Mineral Wool

[14] [14] [15]
(90 mm)
Steel Stud

[16] [16] [16]
(C90x43 x15x 1.5 mm)
ETICS EPS

[17] [17] [18]
(50 mm)
Finishing Option

[17] [17]
(5 mm)
Mortar

[219]
(5 mm)
XPS TB Strip

[20] [20] [21]
(10 mm)
EPS

[22] [22]
(50 mm)
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5.2. Module 1 — U-value Calculator

The composition of the LSF wall considered in Module 1 verification is presented in Table 11.

Table 11 — Module 1 verification: LSF wall composition.

Material d A

(Inner to outer layer) [mm] [W/(m-K)]
Gypsum Plasterboard 125 0.175
0SB 12 0.100
Mineral Wool | Steel Stud (C90x43x15x1.5; ss: 600 mm) 90 0.035 | 50.000
0SB 12 0.100
ETICS EPS 50 0.035
Total Thickness 176.5

Next, the calculation procedures of the thermal resistances (R-values) using the five simplified analytical methods

computed in the Tool are described.

Combined Method

[Rtot;upper]

1 0.0015/0.6

Reotupper  0-1300 + 0.0714 + 0.0923 + 0.0018 + 0.0923 + 1.4375 + 0.0400 *

. 0.5985/0.6 ~
0.1300 + 0.0714 + 0.0923 + 2.5714 + 0.0923 + 1.4375 + 0.0400 _

=0.2263W -m™2-K1

Rtot;upper =44189m?-K-w™1
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[Rinhomogeneous layer]

1 ~0.0015/0.6 0.5985/0.6

= =17768W -m~%-K!
Rinhomogeneous 0.0018 2.5714

Rinohomogeneous =0.5628m?-K-w™!

[Rtot;lower]

Reotiower = 0.1300 + 0.0714 + 0.0923 + 0.5628 + 0.0923 + 1.4375 + 0.0400

=24263m?-K-Ww1

[Rtot;1s0]

44189 + 2.4263

Riot1s0 = > =342m?-K-W™1
Gorgolewski Method 1
[p factor]
4.4189
p=0.8 (2.4263) + 0.1 = 0.5392
[Rtot;gorgil

Riot;gorgr = 0.5392 - 4.4189 + (1 — 0.5392) - 2.4263 = 3.50 m? - K - W !

Gorgolewski Method 2

[p factor]

p = 0.50

[Rtot;gorgz]

Riot;gorgz = 0.50 - 4.4189 + (1 — 0.50) - 2.4263 = 3.42m2 - K - W1
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Gorgolewski Method 3

[p factor]

=08 (2'4263) +0.44 - 0.1 (0'043) 0.2 (0'6> 0.04 (0'09) = 0.5358
P=""4a1g9) "~ " o0a) " 06/ T T o) T

[Rtot;gorgs]
Rtot;gorgs = 0.5358 - 4.4189 + (1 — 0.5358) - 2.4263 = 3.49 m?-K-w!
ASHRAE Zone Method
[Reot;cav]
Riot:cay = 0.1300 + 0.0714 + 0.0923 + 2.5714 + 0.0923 + 1.4375 + 0.0400
=4.4349m? - K-W™1
(w]
w=0.043+2-0.062 =0.167m

[Rinnerflange;MW]

1 0.043/0.167 (0.167 — 0.043)/0.167 o 1
= + =0.00001W -m™“-K
Rinnerfiange:mw  0.0015/50 0.0015/0.035
[Rweb;MW]
1 0.0015/0.167 (0.167 — 0.0015)/0.167 Y
= + =0.1798 W -m=2-K!
Ruebsmw 0.087/50 0.087,/0.035
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[Routerflange;MW]

1 _ 0.043/0.167 (0.167 — 0.043)/0.167

= + =0.0001 W -m2-K~!
Routerflangesw  0-0015/50 0.087/50

[Reot;w]

Riot:w = 0.1300 + 0.0714 + 0.0923 + 0.0001 + 0.1798 + 0.0001 + 0.0923 + 1.4375 +

+0.0400 = 2.0435m? - K -W™1

[Rtot;astraE]

1 _ 0.167/0.600 4 (0.600 — 0.167)/0.600

= = 02989 W -m~2 - K1
Riot,asHRAE 2.0435 4.4349 m

RtOt;ASHRAE =3.35 m2 K-w™1

The summary of the results obtained above is displayed in Table 12.

Table 12 — Module 1 verification: results obtained by the calculation procedure.

R-values [(m?-K)/W] U-values [W/(m?-K)]
ISO 6946 Combined Method 3.42 0.29
Gorgolewski Method 1 3.50 0.29
Gorgolewski Method 2 3.42 0.29
Gorgolewski Method 3 3.49 0.29
ASHRAE Zone Method 3.35 0.30

The results provided by the Tyre4Buildins Calculation Tool, for the same LSF wall, are presented in Figure 19.
Analysing the results obtained, it is possible to verify that the values provided by the tool and the previously

calculated values coincide, thus ensuring the reliability of the results provided by this module.
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JU-VALUE CARCULATOR

Module 1

User name: Telmo Miguel Martins Ribeire File name: TyredBuildins Project
Inputs | Modules | jolution ext >
Elemant layars
v d Matarial 1 Material 2
i ol A S R Doscription [ A pwimey R lime W) Doscription A im ) R lim K]
1 126 Gypsum Board (12,5 rm) | 0175 0.07 | —
2 12.0 QS8 (12 mm) 0,130 0.08
3 0.0 | Mneral wool (90 mim) | 0.035 257 | Stee] CHNIA3 (3 mm) 50.000 .00z
4 120 QS8 (12 mm) 0,130 0.08
5 500 | ETICS EPS (50 mm) | — 1.44 | —
B8 | f— — -
7 I I ;- = - -
a | -
0 I I - - - -
W 10 | | =i
Exterior
Surface thermal resistances Method Raraieater 1- 180 6946 2 - Gorgs 3 -Gorg 4- 0 i 6 - ASHRAE
Rsi Rse Method 1 Method 2 Method 3 Zone Method
013 0.04 . -| R R, 3.42 3.50 3.42 3.49 3.35
[{m™ KW [(m* KW] U [Wim®k) 0.29 0.29 0.29 0.29 0.30

Figure 19 — Module 1 verification: Tyre4BuildIns Calculation Tool results.

Additionally, a comparison between the thermal resistance values calculated by the tool using the five analytical
methods and those calculated through numerical simulations was performed. These numerical simulations were
performed using bidimensional models built in the THERM finite elements software. For these verifications, three
LSF walls were considered, corresponding to the three LSF construction types: i) cold frame construction (Table 13

and Figure 20); ii) warm frame construction (Table 14 and Figure 21), and; iii) hybrid construction (Table 15 and

Figure 22).
Table 13 — LSF wall configuration (cold frame construction).
Material d A
(Inner to outer layer) [mm] [W/(m-K)]
Gypsum Plasterboard 12.5 0.175
0SB 12 0.100
Air Cavity | TB Strip XPS 10 --10.034
Mineral Wool | Steel Stud (C90 x 43 x 15 x 1.5 mm; ss: 400
90 0.035 | 50.000
mm)
0SB 12 0.100
Finishing 5 0.045
Total Thickness 141.5 -
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Outer surface

Inner surface

Figure 20 — LSF wall cross-section (cold frame construction).

Table 14 — LSF wall configuration (warm frame construction).

Material d A
(Inner to outer layer) [mm] [W/(m-K)]
Gypsum Plasterboard 12.5 0.175
0SB 12 0.100
Air Cavity | TB Strip XPS 10 ---10.034
Air Cavity | Steel Stud (C90 x 43 x 15 x 1.5; ss: 400 mm) 90 --- | 50.000
0sB 12 0.100
EPS 50 0.036
Finishing 5 0.045
Total Thickness 191.5 -

Outer surface

Inner surface
Figure 21 — LSF wall cross-section (warm frame construction).
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Table 15 — LSF wall configuration (hybrid construction).

Material d A
(Inner to outer layer) [mm] [W/(m-K)]
Gypsum Plasterboard 12.5 0.175
0SB 12 0.100

Air Cavity | TB Strip XPS 10 --- 1 0.034
Mineral Wool | Steel Stud (C90 x 43 x 15 x 1.5 mm; ss: 400 mm) 90 0.035 | 50.000
0SB 12 0.100

EPS 50 0.036
Finishing 5 0.045
Total Thickness 191.5 ---

Outer surface

Figure 22 — LSF wall cross-section (hybrid construction).

Inner surface

The U-values obtained, as well as the absolute and percentage differences, for the three LSF walls through

numerical simulations (THERM) and using the five analytical methods computed within the tool are presented in

Table 16. In addition, for a better visualization of the differences obtained, the percentage differences are displayed

graphically in Figure 23.
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Table 16 — Thermal transmittance values, U: numerical simulations (THERM) vs analytical methods computed

within the Tyre4BuildIns Tool.

LSF Wall Type Warm Cold Hybrid
THERM U-value [W/(m2-K)] 0.486  0.475 0.272
ISO 6946 U-Value [W/(m2-K)] 0.490 0.476 0.285
Combined Absolute [W/(m2-K)] 0.004 0.001 0.012
Difference
Method Percentage [%] 1% 0% 4%
U-Value [W/(m2:K)] 0.486  0.545 0.280
Gorgolewski
Absolute [W/(m2:K)] 0.000 0.070 0.008
Method 1 Difference
Percentage [%] 0% 15% 3%
U-Value [W/(m2:K)] 0.491 0.630 0.303
Gorgolewski
Tool Absolute [W/(m2-K)] 0.005 0.155 0.031
Method 2 Difference
Percentage [%] 1% 33% 11%
U-Value [W/(m2-K)] 0.487 0.620 0.298
Gorgolewski
Absolute [W/(m2-K)] 0.001 0.144 0.026
Method 3 Difference
Percentage [%] 0% 30% 10%
ASHRAE U-Value [W/(m2-K)] 0.492 0.570 0.318
Zone Absolute [W/(m2-K)] 0.006  0.095 0.046
Difference
Method Percentage [%] 1% 20% 17%
50%
:‘; 45%
;E-:' 40%
35% 33%
E 30% %
QS 25% .
E 20% 20% -
] % 15%
@ (]
5 5% = W o % % gy
o 1% o 3 0% -
WARM COLD HYBRID

u SO 6946

Gorgolewski Method 1

Gorgolewski Method 2

Gorgolewski Method 3

ASHRAE Zone Method

Figure 23 — Percentage differences between the Calculation Tool and the THERM U-values.

The results displayed in Figure 23 allow to verify that, for all the cases evaluated, the U-values provided by the

Calculation Tool are higher than the ones provided through numerical simulations, exhibiting a conservative trend.
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Analysing by type of LSF construction, the closest approximation between the values of THERM and the tool is
reached in the wall with thermal insulation only from the outside (warm frame construction). In this type of
construction, the results obtained present maximum percentage differences equal to 1%. On the other hand, the
cold frame type construction, characterised by the presence of thermal insulation only in the interior cavity,
registered the highest differences in four of the five analytical modules considered. The largest percentage
difference was registered in Gorgolewski Method 2 (33%), while the best approximation with the numerical
simulations was verified in the ISO 6946 Combined Method (~ 0%). Moreover, in the wall with thermal insulation
in the internal cavity and from the outside (hybrid construction), the percentage differences change between 3%

(Gorgolewski Method 1) and -17% (ASHRAE Zone Method).

Although these results give an idea of which type of construction and which analytical methods provide more
reliable results, it is important to note that for other LSF wall configurations the differences from numerical
simulations may vary significantly. Nevertheless, since these deviations are within the error range observed in a
previous research work and published in a journal article by Santos et al. (2020), it can be concluded that the
Tyre4Buildins Calculation Tool is providing accurate results regarding the U-values simplified calculations using the

analytical methods.

5.3. Module 2 - Energy Benefits

The verification of Module 2 was performed considering two LSF walls solutions, whose parameters are presented
in Table 17.

Table 17 — Module 2 verification: parameters of the two LSF walls solutions considered.

Solution A Solution B
U-value 0.29 W/(m?-K) 0.24 W/(m?-K)

External Walls Area 252 m? 252 m?
Localization Madrid Rome

Heating Degree Days 2066 °C 1508 °C
Cooling Degree Days 212 °C 73°C
CoP 3.50 3.50
EER 3.50 3.50

The calculation procedure for the calculation of the final energy balance considering these two solutions is

presented next.
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Solution A

heating
[Q

r | from Equation 13]

0.2921-252-2066 - 24

heating __ _
tr = 1000 3649.839 kWh

[thfoung | from Equation 14]

i 0.2921-252-212-24
cooling __ _
tr = 1000 374.524 kWh

[Efina | from Equation 12]

3648.839 374.524
Efinal = 3,5 + 3.5 = 1150 kWh

Solution B

[Q?reating | from Equation 13]

0.2408 - 252 - 1508 - 24

heating
= = 2196.188 kWh
Cer 1000

[throoling | from Equation 14]

0.2408-252-73-24

cooling
= = 106.314 kWh
i 1000

[Efina | from Equation 12]

2196.188 106.314
Efinar = 35 + 3C = 658 kWh

Saved Energy

[Esquea | from Equation (11)]

Esqpeq = 1150 — 658 = 492 kWh
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In Figure 24, the results provided by the Tyre4Buildins Calculation Tool, considering the previous couple of solutions
are shown. Comparing the final energy values provided by the tool and the values determined performing the
calculation procedure, it is possible to verify that they are equal, thus ensuring the reliability of the results provided

by this module.

.I ENERQ BEWFITS T EG - FoTac

Module 2

User namea: Telmo Miguel Martins Ribeira File name: TyredBuildins Project Date: 27/01/2022

In uis Modules
Parameters | Annual Balance
Selution A | Solution B |
1-Valie 0.20 W/(m?* K) 0.24 Wim? K) | FioalEnegy. Fnargy Saved
[ sowionn | sowions |
Per unit ? I 7 P
Extarmal WalS Afea 200 s er unit anca 2.1 0Amim 2.5 kWh/m® 1.6 KWhirm
Total 1042.9 KWWh B27.5 KWh 415.5 kWWh
L acalization Madrid_5P Romes_IT | Fi :;;H@'
! REN % Enargy Savad
) Solution A Soution B |
Afiitude —m =-m = T T o e o)
Per unit area 0.4 KWnim* 0.1 KWhim® 0.3 KWhim®
Heati s Total KW KW KWl
pating Dagroas Days ey e | of 107.0 kAm 30.4 KWh 76.8 KWh
(Rel. Temperature. 18 °C) Total
Cooling Dagrass Days il
T 21200 °C 7300°C ___ Final Engrgy | Enargy Savad
(Ref Temperature: 25 'C) | Solution A | _Solution B |
CoR 150 150 | Per unit araa 4.6 KWhim* 2.8 kWh/m® 2.0 KWhim’
Total  1150.0 ki BST.8 KVih 492.1 kKWh
5
EER 180 40k \ Percentage of Saved Encray 43%

Figure 24 — Module 2 verification: Tyre4Buildins Calculation Tool results.

5.4. Module 3 - Life-Cycle Analysis

Module 3 — Life-Cycle Analysis was verified by comparing the results provided by the tool, with the results obtained
by performing the calculation procedure, for a given LSF wall.

In this verification, the environmental impact indicator used was the Acidification Potential. The composition of the
LSF wall considered, as well as the respective values of the environmental impacts (per functional unit — 1 m? of

wall) of each constituent material is presented in Table 18.

Table 18 — Composition and Acidification Potential (AP) value of the LSF wall.

Material d AP

(Inner to outer layer) [mm] [kg-SO2-eq]
Gypsum Plasterboard 12.5 1.20E-02

0SB 12 1.10E-02
Mineral Wool | Steel Stud (C90 x 43 x 15 x 1.5 mm) 90 9.09E-03 | 2.58E-05
0SB 12 1.10E-02
Total Thickness 126.5 -
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Considering the Acidification Potential (AP) values of each constituent material, the AP of the LSF wall, per

functional unit, is obtained by:

AP =0.012 + 0.011 + 0.00909 + 0.0000258 + 0.011 = 0.043 kg - SO, _¢q

In Figure 25, the results provided by the calculation tool are presented. Since the results shown by the tool coincide

with the results obtained through the calculation procedure, the reliability of the Module 3 is verified.

{ LIRE- %CLE @\IALYSIS

Module 3
User name: Talmo Miguel Martins Ribairo Fila name: Ty radﬂul\mns Projsct Date: 27/01/2022
Ineua Modules
|Environmental Performance Indicator | Acidication Polentid (AF) 1- |Life Gycle Stages Al+a2+A% |
Environmental Performance of the Improved Wall Materials {per functional unit)
Interar Cover Watarial 1 Material 2
¥ Dcscnphnn [ \ndlcator w:luc Unit Dexscription 1 Indicator walug Unit
1 Gypsum Board (12,5 mm) | 1 zu& UJ — -
z 258 (12 mm) 1.10E-02 - sy
3 Mineral wool (30 mm) | 9.08E-03 Steel CO0MUL3 (50 mm) | 250E-05
4 Q5B (12 mm) 1.10E-02 - -
5
. | kg S02-aq | kg S02-eq
7 |
8 2%, £
5 = | . = =
Exfenor 10 - -
Environmental Performance of the Wall (functional unit - 1 m’ of wall ‘
Acidification Potential (AP) 0.043 kg 502-8q ‘

Figure 25 — Module 3 verification: print-screen of Solution A results.

5.5. Module 4 — Cost-Benefit Analysis

For the verification of Module 4 — Cost-Benefit Analysis, the cost-benefit balance of two LSF walls was evaluated
through the calculation tool and compared with the results obtained by performing the calculation procedure. In
this verification, a reference wall with an U-value equal to 0.51 W/(m?:K) (ISO 6946 Combined Method) and an
improved wall with an U-value equal to 0.44 W/(m?K) (ISO 6946 Combined Method) were considered. Moreover,
the following assumptions were considering: i) total area of external walls equal to 100 m?; ii) annual saved energy
of 100 kWh, and; iii) electricity cost of 0.25 €. Table 19 and Table 20 show the composition of the reference and
improved walls, respectively, as well as the respective costs of each constituent material, based on the references

used.
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Table 19 — Composition and unit costs of the reference wall.

Material d Unit cost
(Inner to outer layer) [mm] [€/m? of wall]
Gypsum Plasterboard 12.5 3.25
0SB 12 7.32
Mineral Wool | Steel Stud (C90 x 43 x 15 x 1.5 mm) 90 2.92 | 17.06
0SB 12 7.32
Total Thickness 126.5

Table 20 — Composition and unit costs of the improved wall.

Material d Unit cost
(Inner to outer layer) [mm] [€/m? of wall]
Gypsum Plasterboard 12.5 3.25
0SB 12 7.32
Air Cavity | TB Strip XPS 10 —--10.25
Mineral Wool | Steel Stud (C90 x 43 x 15 x 1.5 mm) 90 2.92 | 17.06
Air Cavity | TB Strip XPS 10 —--10.25
0SB 12 7.32
Total Thickness 146.5

unit

Considering the unit cost values of each constituent material, the unit cost of the reference Ccference and

improved CHYY . Walls can be obtained by:

Cr”nit =3.25+7.32+292+17.07 + 7.32 = 37.88 €/m?

eference

unit =3.25+7.32+0.26+ 292+ 17.07 + 0.26 + 7.32 = 38.40 €/m?

improved

Thus, the total cost of the reference Coforence and improved CLO5Y,; walls is obtained by:

eference

€
ctotal = 37.88— X 100 m? = 3788.00 €
T mz

€
crotal .= 3840 —7 X 100m? = 3840.00 €

improve
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Consequently, the improvement cost (IC) is determined by:

IC = 3840.00 € — 3788 € = 52.00 €

Regarding benefits, the annual benefit (AB) from using the thermally improved wall instead of the reference wall

is calculated through,

€
AB = 0.25——x 100 kWh = 25.00 €
Wh

Finally, the payback period (PP) is given by:

PP = 52.00/25.00 = 2.1 years

In Figure 26, the results provided by the calculation tool are presented. The results obtained by the tool and the

previously calculated values coincide, thus ensuring the reliability of the results provided by this module.

4| CSTﬁEN Eigll ANALYEIS

Module 4

User name: Telmo Miguel Martins Ribsiro

File name: TyredBuilkiins Project

Tyre4Buildins Project
DEC - FCTUC

Date: 04/01/2022

<Back ||

Inputs | Modules |

|Cost X i ]
Ungt 1 Toksl | 50000 €

Somon & 3788 &/ I78E.00 € |
Unit Total 200,80 €

Solution B r a T |
- s | ad0emt | d8000€ | 200006
|Energy Benefit | 20000 €

Saved E il ! L {
| 100 iy | 1000 ki | 0NE
I I 000 €

Electrici |
| 2 T 1 - 100,00 €

Cost per kWh 0250 €30Am
Improvement Cost 52.00 € Benefit (per year)

Cosl-Benefit balance over time (20 years)

Yoars

2 3 4 5 & 7 8 9 0 1M 12 13 14 15 B W 18 19 20

Cost-Benefl cach year  =—Ewolubon over Ume

25.00 €/yr Payback Period 21 yrs

Figure 26 — Module 4 verification: print-screen of the comparison worksheet.

5.6. Module 5 — Multicriteria Analysis

The accuracy verification of Module 5 — Multicriteria Analysis was carried out by comparing the results provided by

the Tool with the results obtained by performing the manual calculation procedure of the multicriteria analysis.

The data considered in this verification are presented in Table 21 (criteria weights) and Table 22 (decision matrix).
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Table 21 — Module 5 verification: criteria weights.

Criteria Weights

Energy consumption 35%
Environmental impacts 15%
Acquisition cost 50%

Table 22 — Module 5 verification: decision matrix.

Decision Matrix

Criteria
Solutions
Energy consumption Environmental impacts Acquisition costs
A 6.30 kWh/m?2 0.88 36.07 €/m2
B 5.25 kWh/m?2 1.00 36.51 €/m2

Using Equation (17), the standardized decision matrix presented in Table 23 was obtained.

Table 23 — Module 5 verification: standardized decision matrix.

Standardized Decision Matrix

Criteria
Solutions Environmental
Energy consumption Acquisition costs
impacts
5.25 — 0.88 — 36.07 —
A /630 = 0:83 /0 gg = 1.00 /36.07 = 1.00
5.25 — 0.88 — 36.07 —
B /5.25 = 1.00 /1.00 = 0-88 /36,51 = 099

The Final Evaluation (FE) of solutions A and B is computed using Equation (18), as follows:

FESotution4 — (83 x (.35 + 1.00 x 0.15 + 1.00 x 0.50 = 0.94

FEsolutionB = 1,00 x 0.35 + 0.88 x 0.15 + 0.99 X 0.50 = 0.98

The results provided by the calculation tool are presented in Figure 27. The results obtained by the tool and the
values obtained by the calculation procedure are equal, thus ensuring the reliability of the results provided by this

module.
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{ I\/IUL‘IKRI-TE&I_A ANALYSIS

Tyre4Buildins Project
DEC - FCTUC

Module 5
User name: Telmo Miguel Martins Ribeiro File name: Tyre4Buildins Project
__Inputs | Modules |
Criteria Welghts Energy Consumption | Environmental Impacts Acquisition Cost
35% 15% S0%
— Critarla
Solutions = — = = — =
Energy Consumption (unilama]_ Emvironmental Impacts 1 Acquisition Cost (unit area)
A 630 KWt 0.89 36.07 Eim?
B 575 KAt 100 3651 e
| Sta izad D Matrix
Solutions riare
Energy Consumption Environmental Impacts Acquisition Cost
A 083 100 1.00
B 1.00 0.88 089

Evaluation

Solution A

0.94

Solution B

0.98

Best Solution

B

Figure 27 — Module 5 verification: Tyre4Buildins Calculation Tool results.
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6. DESIGN EXAMPLE

6.1. Framework

In this chapter, to demonstrate the full operation of the calculation tool, a design example is presented. Firstly, the
inputs used in this example are displayed, by defining the building features and the wall configuration for Solution
A (reference) and Solution B (improved), as well as the weights used in the multicriteria analysis. Then, the
operation of the tool is shown, through the presentation of each one of the tabs that constitute the Tyre4Buildlns

Calculation Tool.

6.2. Input Data

The input data considered in this design example for Solution A (reference) and Solution B (improved) are presented
in Table 24 and Table 25, respectively. Moreover, Table 26 presents the definition of the weights for the
multicriteria analysis. Regarding the building features, the same parameters were used for solutions A and B, in
order to focus the analysis on the comparison between the LSF walls considered. Concerning the configuration of
the two LSF walls under analysis, it was considered that both solutions have metal profiles spaced 600 mm apart
and mineral wool thermal insulation in the cavity between the metal profiles (cold frame construction),
plasterboard and OSB on the inner sheathing, and OSB and mortar finishing on the outer sheathing. The only
difference between the two solutions is the application of XPS thermal break strips Figure 28 along the inner and

outer flanges of the metal profiles in the improved solution (Solution B).

Extruded Polystyrene (XPS)

Figure 28 — Extruded polystyrene (XPS) thermal break strip.
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Solution A — Reference Solution

Table 24 — Input data of Solution A — Reference configuration.

Building Features

Location Facades

Country Portugal Main Facade (MF)
Municipality Coimbra Length 15m
Altitude 75 m Glazing Area 10%

Back Facade (BF)
Climatization Systems Length 15m
CoP 3.5 Glazing Area 10%

EER 3.5 Left Facade (LF)
Length 10m
Electricity Cost Glazing Area 10%

Cost 0.20 €/kWh Right Facade (RF)
Length 10m
Glazing Area 10%

Wall Configuration

Material d
(Inner to outer layer) [mm]
Gypsum Plasterboard 12.5
0SB 12
Mineral Wool | Steel Stud (C90 x 43 x 15 x 1.5 mm; ss: 600

mm) 90
0SB 12
Mortar 5
Total Thickness 131.5

Outer surface

Inner surface
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Solution B — Improved Solution

Table 25 — Input data of Solution B — Improved configuration.

Building Features
Location Facades
Country Portugal Main Facade (MF)
Municipality Coimbra Length 15m
Altitude 75 m Glazing Area 10%
Back Facade (BF)
Climatization Systems Length 15m
CoP 3.5 Glazing Area 10%
EER 3.5 Left Facade (LF)
Length 10m
Electricity Cost Glazing Area 10%
Cost 0.20 €/kWh Right Facade (RF)
Length 10m
Glazing Area 10%
Wall Configuration
Material d
(Inner to outer layer) [mm]
Gypsum Plasterboard 12.5
0SB 12
Air Cavity | TB Strip XPS (Improvement) 10
Mineral Wool | Steel Stud (C90 x 43 x 15 x 1.5 mm; ss: 600 90
mm)
Air Cavity | TB Strip XPS (Improvement) 10
0SB 12
Mortar 5
Total Thickness 151.5
Outer surface
I
|
|
I
Inner surface
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Multicriteria Analysis (Weights’ definition)

Table 26 — Input data of Multicriteria Analysis.

Calculation Modules (Weights)

Final Energy Consumed
Environmental Impacts

Acquisition Costs

Environmental Indicators (Weights)

Abiotic Resources Depletion Potential — Elements (ADPE)
Abiotic Resources Depletion Potential — Fossil Fuels (ADPF)
Acidification potential (AP)

Eutrophication potential (EP)

Photochemical Ozone Creation Potential (POCP)

Global warming potential (GWP)

Ozone Depletion Potential (ODP)

35%
15%
50%

14%
14%
14%
14%
14%
16%
14%

6.3. Tool Operation

The operation of the tool for this example is illustrated in Figures 29 to 46, which represent print-screens of the

various tabs that constitute the Tyre4Buildlns Calculation Tool.

As expected, the application of the XPS thermal break strips on the wall of Solution B, allowed to increase the

thermal resistance and, consequently, to obtain 14% energy savings, compared to the performance offered by

Solution A. However, in Modules 3 and 4, Solution B proved to be more unfavourable. The consideration of XPS

thermal break strips in Solution B caused an increase in cost and environmental impacts, compared to Solution A.

Considering the results obtained in Modules 1 to 4 and the weights defined for the multicriteria analysis, Module 5

indicates that, globally, the most favourable solution is solution B.
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University of Coimbra | Faculty of Sciences and Technology | Department of Civil Engineering

&

|Tyte4Bu1 ldins

BN alculatioff Tool ,

all rights reserved

. Cafimanciada por: POCH) 10 | 45-FEDER-03206 1 Contacts:
' Fundaglo Tel: +351 239 797 199

Paulo Santos C °)\MPEEEG ” PORTIAL = 5 para a Cineis tyredbulldins@dec. uc. ot

Telmo Ribeiro 2020 : e =i Tomalogi pfsantos@dec.uc.pt

STARH/_]EN‘

User name: Ti ual Martins Ribeiro Fila mamea

Telmo Miguel Martins Ribeiro

Tyre4BmIdIns Project

Dates

2710172022

Figure 30 — Design example: Tab 2 of Tyre4BuildIns Calculation Tool.

- | N P UT Tyre4BuildIns Project
i : . DEC - FCTUC

User name: Telmo Miguel Martine Ribairg File name: TyradBuildins Project Date: 27/01/2022
Add location <Back | Mext >
Genarie input -
Color | Dropdown list ingut
Legend | input from database | BUILDING FEATURES
Clutput valug
Lacation
Couniry 1 - Portugal [ENABLED] :' Other Locations [DISABLED]
i 1- ! Municipaliy b Culrrlhri } HP'_D[ 1312 | HOD €Y
o Ahinude [m] 75 !(ml[l DD [G]
Facades 2 Climatization 5ymma
Main facade (MF) | I 15 v 10 CaP | 35
| } | ! )
Back facade (BF 5 10 EER | 35
2l Lengih fim] i - Glazing Area [%] -
10 ] [ 10
10 10
Flaors Area of external walls | [Electricity Cost |
Hurmber of foors 2 252 | [Cant ) 025 |
Haight af each Naar [m) | 280 Lic

Figure 31 — Design example: Tab 3 of Tyre4BuildIns Calculation Tool.
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{INPUTA " ®

Llaur name: Telmo Migual Mariins Ribeirc File nama: Tyre4Bulidins Project
WALL CONFIGURATION
Referance Wall (A) [Lightweight Steel Frame (LSF)
e Matarial 1 A | AR | Material 2 a7 R Ymckness| Stue Spacng [men] 500
mberior (Thickness) [Brand) | Pt K | v KW | fonby far non homogeneouss kayers) | IRl | [ KW | [mm] Steel Structure Steel CHRILA (90 mm)
1 Gypsum Boawd {12.5 mm) 0175 007 = 125 [ Stud Thickness [mm] 15
H 0S8 {12 mm) 0130 0082 - 120 Stud Dapth [mm) 90
3 Msmeral wonl (30 mir) 0035 251 Steel CHIUSS (30 mm) 50000 | 0002 80.0 Flange Lengih fmm] a4
4 088 (12 mm) 0.130 0.092 - = 120
[ Motear (10 men) 1800 | 0003 - 50 [Thermal Break Strips |
= i = |Wickt e |
7
g |Sheathing Layers |
9 [Thickness fmm] 245 |
10 = = =
extenor Total| 1315

Figure 32 — Design example: Tab 4 of Tyre4BuildIns Calculation Tool.

{INPUTS,

y N

User name: Ti Martins Ribeiro Ins Preject
< Back
BUILDING FEATURES
Location
Counlry 1 - Poriugal [ENABLED] 2 - Other Locations [DISABLED]
Dk Municaalty Coanbra HOD[Cl] 1z CLLEY Local | - Jﬂ'lﬂ"q
b Adlitude [m] 75 CORICl 500 CRO IS
Facades i [ T
Main facads (MF) 15 hi 0 CoP il 35
I . < :
RGO L 2 Glaing Area (%] o L =t
Lot i 10 10
Right facade (RF) 0 i
Floors Area of external walls Ewh'!city Cost |
urmber of faors | E 5 |Cost (] | 028 |
Haight ef cach flsor [m) | 240 252 m

Figure 33 — Design example: Tab 5 of Tyre4Buildins Calculation Tool.

Tyre4Buildins Project

{ |NPUT . DEC - FCTUC
User name: Telmo Miguel Martins Flbul ) File name: TyredBulldins Prs B 2
Add material < Back Mext >
WALL CONFIGURATION

Improved Wall (B) | Lightweight Steel Frama (LSF)
| Waterial 1 A ] R ] Matarial 2 A 1 R Yrhickness Stud Spacing [mm] | 600
iterar (Thickness) [Brand] Wiim-KJ] | [irme KJAW] | (only for non 5 laryers) | PWKm K | [(m® K3AN] | [mem] St Structure Stool CHFUSY (30 manj
i Gypaum Board (12 5 mm) 0i7s 0.7 - 125 Stud Thickness [mm] 15
2 0SB {12 men) 0130 0.082 - 1z0 Stud Depth [mm] 1)
3 ar Canaty (10 emam) 0.150 TH Sing XPS (10 mm) 0035 0286 00 Flange Length [mm] 43
4 Mdingral woad (90 menj 005 25M Steal COMUDI (20 mm) 50.000 0002 0.0
§ Air Casty (10 mm) = 0150 B Sirgp KPS (10 mm) 0035 | 0286 100 [Th | Break Strips. |
[ OSB {12 men) 0130 0092 20 |width frrmy] 50 |
7 Martar (10 mm) 1,800 0.003 &
1 [Sheathing Layers \
] - - | Thvekness ] | M5 |
10 - -
exterior Total| 1515 |

Figure 34 — Design example: Tab 6 of Tyre4Buildins Calculation Tool.
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User name: |eimo Migu 5 Fibeiro File name: Iy:

MULTICRITERIA ANALYSIS

igl Definition (C: lion W
Final Energy Consumed | 35 Sum e R R R T Ry
Environmental Impacts 15% 100% 5 7]
isition Cost | 508 | Ok RN U TR |

Weights® Definition {Environmental Indicaters)

Abiotic Resources Depleton Polential - Elements (ADPE) 4%

|Ahiotic Resources. Depletion Potential - Fossil Resources, (ADPF) 14% Sum

| Acichiicabon Folentsal (AF) 14%

Eutrophic ation Potential (EP) 14% 100% ;
Photochemaecal Ozone Creaton Polentsal (POGE) 14% 3
Global Warming Potential (GWP) 15% oK1 7
Stratospheric Ozona L. Depletion Potantial (ODP) | 14%

Figure 35 — Design example: Tab 7 of Tyre4Buildins Calculation Tool.

M O D ES TyredBuildins Project
. DEC - FCTUC,

User name: Ta liqual Martins Ribeiro File nama:

:'i"‘"

wi

,,/*"f'sax

Inputs Start Menu !

Extenor

Figure 36 — Design example: Tab 8 of Tyre4Buildins Calculation Tool.

U—VAHE CP‘CU LATOR e -FeToc

Module 1

User name: Telmo Miguel Marting Ribelro File name: Tyre4Bul Idln-' Project

Inputs | Modules
Element layers
d | Material 1 | Material 2
Layer v | |
I anor | mm] | Description | A Wikl | R [ | Desenplbon | A iKY | R [t K]
1 125 | Gypsum Board (12,5 mm) 0175 oa?
2 120 0SB {12 rmm) 0130 009 - —
3 80,0 Mineral wool (30 mm) 0035 2857 Steel CHOLEI (90 mm) 50.000 o002
4 120 0SB {12 mm) 0.130 009
] 50 Mortar (10 mem) 1500 000
[ o
7 |
g |
8 |
10
Surface thermal resistances Method P 1-180 8946 2 - Gorgolewski 3 - Gorgolewski 4 - Gorgolewski 5 - ASHRAE
Rsl Rse i Combined Methed Method 1 Method 2 Method 3 Zone Method
013 004 . IR iR 197 172 158 171 175
™ KyW] [ KWl u [WmeK] 0.51 0.58 0.63 0.59 0.57

Figure 37 — Design example: Tab 9 of Tyre4BuildIns Calculation Tool.

Copyright © Universidade de Coimbra. All rights reserved

51



Tyre4Buildins Calculation Tool USER GUIDE

U-VA

Tyre4BuildIns Project

w CA‘CU LTOR DEC - FCTUC
File name: T'rE»JEIu\I:Hn=I=r ect
T d Material 1 4 Material 2
Interios e | Descripti [ Ay 7 R Descript Aprimgy ] R imtw)
1 125 Gypsurn Board (12,5 mm) | 0175 oo =
2 120 OS8 (12 mm) 0.130 009
3 ‘ 10 Aar Canaty (10 mm) | ‘ a1s TH Stnp XPS (10 mm) 0035 0 286
4 €00 Memera wool (90 mem) 0035 257 Stesel COOLIS (90 mirm) S0 000 0002
5 | 100 Air Cavity (10 mm) | | 015 T8 Strig XPS (10 ram) 0,035 0265
§ 120 Q58 (12 mm) 0.130 009
T | 80 Motar (10 mm) 1800 | .00
9 ‘ 1 |
i 10
Exderior
[Surface thermal resistances Wethod e 7130 6846 7 Gorgolewsk 3 - Gorgolewskl 4 - Gorgolewskl 5. ASHRAE |
Asi 1 Rse selection) Gombined Method Mathod 1 Mathod 2 Method 3 Zons Mathod
013 0.04 q R [m W] 2.29 213 1.90 212 2.25
o sy {Im Ky U [wimiK) 0.44 0.47 0.53 0.47 0.44

|

Figure 38 — Design example: Tab 10 of Tyre4BuildIns Calculation Tool.

ENER

Tyred4Buildins Project

Module 2 i :
User name: Telmo File name:
Par Annual Balance
Solution A Salution B
U-Valus Q.51 Wil K) 0.44 Wi(m* K) - A Enn‘m_ Enargy Seved
| Solution A Solubon B
Par unit arca 4.8 pwnm® 3.9 wamm® 0.6 kWhim*
252.00 252.00 i
Eemal Weks Arve L = Tolal  1148.6 KWh 988.8 ki 158.7 KiWh
Localization Colmbra Caimbra Fc::“m v
i ergy
Salution A Schiianp__ [
Altitude 7600 m 75.00 m f T
Par unit area 1.7 kWhim® 1.6 KWhim* 0.2 kWhim®
Heating Degrees Days Total 437.9 KWh 3TT.0 K 80.9 Kh
1Mz 13200 'C
(Ref. Temperature: 18 "G} Total
Codling Degrees Days " . Final Enargy N N
500.20 ‘C 500,20 °C e E Saved
Ret. Temperature: 25 'C) | soumona Saolution B i
CoF 250 360 Per unit area 6.3 kWh'm* 5.4 KWhim® 0.8 kwhim®
Tolall  1586.5 kWh 1385.8 KWh 220.8 kWh
EER - e Parcentage of Saved Enargy 14%

Figure 39 — Design example: Tab 11 of Tyre4BuildIns Calculation Tool.

Tyre4BuildIns Project

{ Module 3 %, . A
User name: Teimo Miguel Martins Ribelro File name: Tyre4Sulldins Praject Date: 27/01/2022
Inputs | Modules | I =it ndiceior | Hext >
]
Environmental Performance Indicator ] Acidfication Polential (AP) i [Life Cycle Stages A2 AT
Environmental Parformance of tha Improved Wall Materials (per functional unit)
Intirmr S ) o Matorial 2 . o
m Uoscrlpllon \nﬂ\camrmluc Unat Description lndl:alor v'aim | Unit
1 Gyp:umsoa\'drlz\;mm 1IUE02
2 QS8 (12 mm) 110E-02
3 Mimeral wool (50 men) 9.09E-03 Steel CONUIGS (90 mem) 2 59E-05
4 058 (12 mm) 1.10E-02
)
: Mortar (10 mm) 488E-03 kg SO2-8q kg $02-8q
7
3
B e 9
Extenor 10
Environmental Performance of the Wall (functional unit - 1 m* of wall) \
Acidification Potential (AP) 0.048 kg 502-2q |

Figure 40 — Design example: Tab 12 of Tyre4BuildIns Calculation Tool.
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{ Module 3

User name: Telmo Miguel Martins Ribelro

%CI-_E ‘NALYSIS‘L

File name: TyredBulldins Project

Inputs [] P — < Back Next>
e { selectnaicator BT BT
[Envirenmental Performance Potential (AF) 1- |Life Cycle Stages [A1+a2ea3)
|Envirenmental Performance of the Improved Wall (per functional unit)
Interior La Materal 1 Maleral 2
| er Descrapton Indhicator valua Und Dascrphon Indicator value LUnd
1 Gypsum Board (12,5 mm) 1 20E-02
2 OS (12 mm) 1 10E-02
3 A Canity (10 mm) 0.00E+00 TB Strip XPS (10 mm) 3.08E-03
4 Mineral waol (80 mm) 9.08E-03 Steel CA0AE3 (80 mm) 2 5BE-05
5 A Caniity (10 mem) 0.00E+00 TH Strip XPS (10 mm) 308603
B 0S8 (12 mm) 1 10E.02 kg 5029 k0 S02:9q
¥ Mortar {10 rmm) 46BE-03
8
4 9 - = =
Exterior 10
Envi ental Parformance of the Wall (functional unit - 1 m’ of wall) |
Acidification Potential (AP} 0.054 kg S02-eq |

L IRE-

Figure 41 — Design example: Tab 13 of Tyre4BuildIns Calculation Tool.

CLE

ALY SIS

Tyre4Buildins Project

Module 3
User name: Tel File name: TyredBuilding Pr
I contingicolor | -3
Select indicator Back
|Enwvironmental Performance Indicatar Acidfication Potential (AP) 1- |Lite Eycle Stages | A1 +424a3]
T
Total & BIE-0Z #3 50280
Solution A
Wall component ‘ 1A0E02 15 503-eq
| 0SB (12 mm) |
Total { BLARE-02 kg 50200
Solution B
(A Lo onet | 1.10E-02 5 S02-20
CSE (12 mm) |
000 0010 0020 0:030 0040 0050 0060
H 502-8g

Figure 42 — Design example: Tab 14 of Tyre4BuildIns Calculation Tool.

CQS1 EEN EHT ANALYSIS

Tyre4Buildins Project
DEC - FCTUC

L

Module 4
U\ur name: Talmo Migual Marting Ribairo File name: T,r«-lPuIdIr-i Project Date: 27/01/2022
Modules. Next >
Costof the Wall Materials =
e Material 1 [ Material 2
Wterior o Description | Unit cost | Unt consumption | Descrgtion Unit cost | Unit consumgtion

1 Gypsum Beard {12,5 mm) I Emt 1.00 méin?
2 QSE (12 mm) 7.32 €@ 100 iy
a Mineral wool (90 mm) 292 €m? 100 mtimy Steel CHMUAI (90 mm) 623 &/ 2.45 mim?
4 0SB {12 mm) 7.32 €im? 1.00 iy
5 Martar (10 mm) 244 &m? 1,00 miny?
]
7 = — = =
8
9

l 10

Extenior .., S
Cost of the Wall
Unit cost Total cost
3851 €/m’ 9703.83 €

Figure 43 — Design example: Tab 15 of Tyre4BuildIns Calculation Tool.
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| { COST_BENERLT ANALYEIS

User name: Teimo Miguel Martins Ri

Inputs

| Modules |

Cost of the Reference Wall

Material | ) Nalerial 2 ) |
Intenar =y Doscription Unit cost S Description Unit cost Unit consumgtion |
1 Gypsurn Board (12 5 mm) 3 25 €im?
2 QS8 (12 mm) 7.32 Em?
3 Air Cavity (10 mm}) 0.00 & T8 Strip XPS {10 mm) 0.08 €m? 245 mAim?
4 Mmeral wool (80 mmj) 202 &m* 100 mfim# Stesl COVLAA (50 mm) E23€m 245 mim?
5 A Canaty (10 i) 0.00 €l 1. 00 Frrer TH St XPS {10 rrna) 0.09 €ne® 245 e
[ QS8 (12 mm) 7.32 &im? 1.00 e
T Mortar {10 mm) 244 &m* .00 mm?
&
9 = =
W | =) e ] v [ ms e e
Exterioi
Cost of the Improved Wall
Uit cast [ Tatal cost
38.95 €/m® 981465 €

Figure 44 — Design example: Tab 16 of Tyre4BuildIns Calculation Tool.

Module 4

umrn}ma Talme jal Martins Ribairo File name: T,r«».-mlmr- Pri

‘I CQST- AEN EHT ANALYSIS TG FoToo

DEC - FCTUC

Years

Cost p——. o I To S Cost-Benefit balance over time (20 years)
38 51 €m® WOTEI & ik
Solution B ® r,l:T..,‘ | ea1a .::? £00.00€
0000 €
|[Energy Benefit =~ i m = 400,00 €
Savedi Koty ipalyest) 01 BB KWhim? iy | 220 6 KWhiyr 200,00 €
aone
Electricity e 8 9 10 11 12 13 14 15 16 17 18 19 20
Cost per kWh 0250 S Cost-Benefit each year === Evolution over ime
Improvement Cost 111.02 € Benefit (per year) 55.15 €lyr Payback Period

2.0 yrs

Module 5

Figure 45 — Design example: Tab 17 of Tyre4BuildIns Calculation Tool.

\Y/ LR'TEglA ANALYS' S Tyre4guidins Project

Fila nama: TyredBuil

DEC - FCTUC|

= Criteria Weights | Energy Consumption | Environmental Impacts Acquisition Cost
35% 15% 50% .
: Evaluation
| Decision Matrix
| 2 Criteria =
Sl \Emargy Gonsumption (Unit area)  Emaronmental (mpacts Acquisiion Gost (unit araa) R
A 630 HAhim? 090 3851 amé 0.95
B 542 WA 100 W95 e Solution B
Standardized Dacision Matrix 082
Criteria :
Sutlons Enengy Consumption | Enviranmental Impacts MAcquisition Caost Fradd L
A 086 100 100 B
B 1.00 090 0%

Figure 46 — Design example: Tab 18 of Tyre4BuildIns Calculation Tool.
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7. FINAL REMARKS
This document contains a user guide (or instructions manual) for the Tyre4Buildins Calculation Tool (version 1)

users and should be consulted prior to using this Calculation Tool.

This user guide is organized as follows. After a brief introduction section with some background and previous
framework info, the inputs were presented and described. Next, the calculation methodology was explained and
the obtained outputs presented for each one of the five calculation modules. Then, the reliability of the computed
values using these calculation modules was verified. In Section 6 was presented a design example to illustrate for a
specific case study how to use this calculation tool and to obtain the intended outputs/results. Finally, in this last

section some final concluding remarks are presented.

Notice that the correct operation of the Tyre4BuidIns Calculation Tool and the adequate reliability of the obtained
results, can only be achieved by strictly following the instructions and procedures presented in this document.
Additionally, being a very simplified Calculation Tool, e.g., to predict the heat losses/gains through the facade LSF
walls and the consequent thermal energy computations, the obtained results/outputs could not be always reliable
for all circumstances/inputs. However, as a simple comparison between two different LSF walls
configurations/solutions, this Calculation Tool is further consistent and could be very useful to choose the more
adequate design. Moreover, being this a first version, the authors welcome and acknowledge the communication

of any bug or anomaly detected, as well as suggestions for future improvements.
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