Practical introduction to SimaPro
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1. General



This document is a brief introduction to SimaPro for the exercice of the EPFL Environmental system
analysis and assessment course. For more details you can consult the SimaPro tutorial document
(http://www.pre-sustainability.com/simapro-tutorial).

SimaPro allows you to model a project in several ways that will give the same results. Here we propose

one of the ways.

Note :

e This document describes linearly how to do an LCA with SimaPro. However, performing an
LCA is an iterative process and the credibility of the results should be checked as you go along.

This allows errors to be spotted earlier and the program to be better understood;

e Build up the reference material flows in kg, especially for PV modules so that the end of life is
properly taken into account (chapter to come)

2. Start-up

2.1. Working on VDI (Virtual desktop infrastructure, in the classroom or on your computer)

1. Open a VDI Session: https://vdi.epfl.ch/ choose either the connection with the horizon client

or the browser. Use your EPFL connexion information and an authenticator tool (for ex.

Google authenticator)
2. Open ENAC-SSIE-WIN

3. Preparing the database

The database is quite big, too big for your z: account, therefore we will save your database on a

specific server (s:).

To do that you have to connect this space is via a small script that | added in Application>
APP-SSIE-HERUS> SimaPro>connexion-S-simaproj.
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And to download this database, you have to go on the R: space with this script: connexion-R-

exercices.


http://www.pre-sustainability.com/simapro-tutorial
https://vdi.epfl.ch/

The S: space is open for everyone. That mean that you can share the database in your project
team (but only one access at the same time)

CAUTION: this space (S:) is not protected and there is no backup, therefore you have to make
your own back up.

Create a folder in your name on the disk S:\SIMAPROvotrenom

Copy the SimaPro database from the location on the server: (R: \IIE-LCA\DB_professional) and
paste it on your S: \SIMAPROvotrenom

Unzip your new database on the S: server.

4. Open SimaPro
Open the software in start menu > APP-SSIE-HERUS.

5. Open the database: go to File \ Open SimaPro Database
¢ Click on location and select the previously created directory (S:\SIMAPROvotrenom)
¢ Select Professional in the Database name window, click OK.

6. Create a new project in your name: (File > open project) then click on New and enter the
name of your project.

Choose as library "Ecoinvent 3 - allocation, cut-off by classification - unit" and "Methods".

Only one project is created, regardless of the number of scenarios to be compared. Your project
is integrated into the database used by SimaPro. If you make a backup of your database, you
automatically make a backup of your project. One of the advantages of SimaPro is that it
automatically saves every time a model is modified, so even if the computer crashes, your project
is saved.

If you use your database directly from a USB stick, the calculation time may be important and
transcription error can occur. It is advisable to load the database onto the T: drive at the beginning
of the exercise and to retrieve it at the end of the exercise, this will save you time when saving
and calculating.

Go to chapter 3

2.2. Working on a personal computer (Microsoft only)

Download SimaPro version 9.6.0 to be consistent with the version used on EPFL server and

tutorial material. (https://pre-
support.sharefile.com/share/view/sf7alb1e6309b4741920d33b2af1f98fa).




1. Install and activate the software according to the user code (Faculty Version)

License SimaPro

Year : 2025

ATTENTION: this license can only be used for academic projects, and only by ENAC teachers
and students.
The school will acquire other licenses for academic projects from other faculties.

Registration name: ENAC 01

Registration code: 3JoCAMuPmScbmwAIAAAA#
AMIDJ/pGOhwelkaVReSRwfe6K1KUpiPEAMvDf7SIiLTFyqwXTv
oDXVhu6pckYyW/HfZpXdlyWIhzVvfAyljZHed5LNO4OtiiwHh/
BCU1rzwchaSAy96exJ+e4Cyptn11t8w2xMkW1fgNfX+D2dMCO/
fOTt6D7xB/X4+8xXilCd75

2. Open the database: go to File \ Open SimaPro Database

e Click on Browse and select the database which should be here:
C:\Documents and Settings\All Users\Documents\SimaPro\Database

e Select Professional in the Database name window, click OK.

3. Create a new project in your name: (File > open project) then click on New and enter
the name of your project.

Choose as library "Ecoinvent 3 - allocation, cut-off by classification - unit" and "Methods".

Only one project is created, regardless of the number of scenarios to be compared. Your
project is integrated into the database used by SimaPro. If you make a backup of your
database, you automatically make a backup of your project. One of the advantages of SimaPro
is that it automatically saves every time a model is modified, so even if the computer crashes,
your project is saved.



3. The SimaPro interface

Once you have chosen your libraries, select Process (in the inventory part, frame 2). You arrive at the
place below (Figure 2). The main part of SimaPro (frame 1) is the explorer, on the left we have the
windows that allow us to move through the different steps of the LCA (2) and within these steps (3).
The right side (4) allows us to perform different actions such as creating processes, assemblies,
modifying them, copying them, etc.
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Assistants. E Processus l: nom /| wnité | Type de déchets | Projet
assistants Matér Barley grain, feed {GLO} market for | Allog Def, U kg Compost Ecoinvent 3 - allocation, default - unit Nouveau
e i ricultural Bariey grain, feed, organic (GLOJ| market far | Alloc Def, U kg Compost Ecoinvent 3 - allocation, default - unit
DR et notR) [Barley grain, feed, Swiss integrated production {GLO}| market for | Alloc Def, U kg Compost Ecoinvent 3 - allocation, default - unit
Description Energy feed, gross {GLOJ| market for | Alloc Def, U M Ecoinvent 3 - allocation, default - unit
Bibliothéques Tre [Fava Bean, Teed, Siiss infegiated production (GLOJ market 1of | ANIOE Det, U™ " kg Compost Ecoinvent 3 - allocation, default - unit Affichage
[—— Animal production [Fodder beet, Swiss integrated production {GLO}| market for | Alloc Def, U kg Compost Ecoinvent 3 - allocation, default - unit (
:““ et (Grass silage, organic (GLO} market for | Alloc Def, U kg Compost Ecoinvent 3 - allocation, default - unit Copler
Bioces g p‘l 59(9 "“EE o Grass silage, Swiss integrated production {GLOj| market for | Alloc Def, U g Compost Ecoinvent 3 - allocation, default - unit
: = Plant oils
tape du produit Pt rocuction [ 5125 r0anie (GLO} market or | o< Det, U o a Compost Ecoinvent 3 - allocation, default - unit
Types de déchets B Pl seeds Grass, Swiss integrated production {GLO} market for | Alloc Def, U Compost Ecoinvent 3 - allocation, default - unit tiisé par
Paramétres Ceramics Maize grain, feed [GLO} market for | Alloc Def, U kg Compost Ecoinvent 3 - allocation, default - unit
e Chemicals Maize grain, feed, organic (GLOJ| market for | Alloc Def, U kg Compost Ecoinvent 3 - allocation, defauit -unit - Montrez o
= Construction Maize silage (GLOJ| market for | Alloc Def, U kg Compost Ecoinvent 3 - allocation, default - unit liste
Electronics | Alloc Def, U ko Compost 2
Fucls u ion GLO]| market for | Alloc Def, U kg os
Giass o u kg
Interprétati P k9
nterpretation rof ar beet rket for energy feed | Alloc Def, U kg Compost
Liens de document {GLO}| sweet sorghum grain to generic market for energy feed | Alloc Def, U kg Compost Ex
Données générales Autres Protein pea, feed, Swiss integrated production {GLOJ| market for | Alloc Def, U kg Compost Ecoinvent 3 - allocation, default - unit
Références bibliographiques Paper- Board Rye grain, Teed, organic {GLO} market for | Alloc Def, U kg Compost Ecoinvent 3 - allocation, default - unit
substances Plastics Rye grain, feed, Swiss integrated production {GLO} market for | Alloc Def, U kg Compost Ecoinvent 3 - allocation, default - unit
) ?X"‘j " [Ryegrass-EgyptiandiPersian clover-mixture silage {GLOJ| market for | Allac Def, U kg Compost Ecoinvent 3 - allocation, default - unit
Unités '\::S ormation Ryegrass-red&Egyptian clover-mixture silage {GLO}| market for | Alloc Def, U kg Compost Ecoinvent 3 - allocation, default - unit
ater
Quanff . Ryeqrass silage (GLOJ| market for | Alloc Def, U kg Compost Ecoinvent 3 - allocation, default - unit
Imag Energie Soybean, feed (GLO}| market for | Alloc Def, U kg Compost Ecoinvent 3 - allocation, default - unit
Transport [Sunflower silage {GLO}| market for | Alloc Def, U kg Compost Ecoinvent 3 - allocation, default - unit
Traitement [Wheat grain, feed (GLOJ| market for | Allac Det, U kg Compost Ecoinvent 3 - allocation, default - unit
Utiliser [Wheat grain, feed, organic {(GLO}| market for | Alloc Def, U e Compost Ecoinvent 3 - allocation, default - unit
Scénario de déchets Wheat grain, feed, Swiss integrated production {GLO} market for | Alloc D Compost Ecoinvent 3 - allocation, default - unit
échets
3 <
iransoceanic transports.
Production volume: 4 kg
Technology level: 0 undefined F
Start date: 2011.01.01 I b
end dste: 20151231
s data valid for entire period: true
Macro-cconomic scenario name; Business-as-Usual
I itrersur | G o tacer | 30 ||
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Figure 2 - project opening

At the top, we have the taskbar with the usual menus (5) as well as SimaPro specific buttons (6) and
at the bottom (7), a bar that allows us to search in the processes.

In the left window (frame 2, Figure 2), we have in order the different steps that make up the LCA:

1. Goal and Scope: You can define the authors, the purpose of the study, etc. It may be useful to
fill in the Author and How fields. In "Libraries" you can select the data libraries you want to
work with (Figure 3).

2. Inventory : This is the part where we work the most. This is where the reference flows are
entered and where the house is modelled in this way.

3. Impact Assessment: Part where you define the impact method (Impact 2002+, Ecological
Scarcity 2013, ILCD 2011 Midpoint+,...) and where you find the calculation configurations you
have saved. By going to methods, you can select a method (e.g. ILCD 2011 Midpoint+) as the
default method.



4. Interpretation: Comments on the interpretation phase of the study can be entered and
computerized support for the data and methods can be found.

It is easier to write the introduction with goals, etc., and the interpretation of the results directly in
the paper you are going to hand in.
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Figure 4 - toolbar

In the toolbar, the most important buttons of SimaPro are "bring me home" (1), the search tool (2)
which is very efficient to find a product or a substance as well as the created elements that you might
have lost and the buttons that allow you to launch the calculations (3-5):



e Compare (5): allows you to compare the selected processes (multiple selection = ctrl + click)
e Analysis (4): allows you to analyse the selected process
o Network (3): displays the process tree of the selected assembly

More details are given in chapter 5 " Impact assessment: results" of this document.

4. Ecoinvent

As we can see in frame 1a (Figure 2), SimaPro is provided with several data libraries (Ecoinvent, ELCD,
IDEMAT,...). The different libraries are not necessarily consistent with each other on different
parameters: regionalization, temporal limits, assumptions, system limits... . For this project we will use
the Ecoinvent database that you have seen in class.

The database is structured in different ways. First, there is the allocation (point of substitution, cut-
off or consequential), there is the modeling of processes (unit or system) and finally then there is the
modeling of activities (transformation or market).

4.1. Unit and system processes

Unit process:

Modelling that links processes together, so you can follow the steps that lead to the final process (for
example: a plank of wood > the sawmill > the transport > the log > the tree). The advantage is a very
good traceability during the analysis, the disadvantages are a more important calculation time and
this modelling does not allow to keep the confidentiality of the production processes.

System processes

Calculation of emission and resource consumption values without links between processes in the
SimaPro model. The emission and resource consumption values are the same as for the unit processes,
but only the values are kept, without being able to go back in the production chain. The advantages
are lower computing time and guaranteed confidentiality of production processes.

4.2. Activity modelling

Processing (transformation) activity:

- Modeling of human activity, with modification of inputs (not necessarily all) to arrive at the
final product

- No transport

- Regionalisation

Market activity

- No processing of products
- Transport
- Globalization according to the world distribution of production



- Globalization according to the distribution of production processes
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5. Modelling of the BIPV and the conventional roof

The modeling is done in the "inventory" step, which is composed of the following parts:

Inventory

Processes
Product stages
Waste types

Parameters

Figure 5 - inventory menu

1. Processes is the place to explore the databases selected in "libraries". The processes are
classified by type (materials, energy, transport ...). A process consists of the quantitative set
of inputs and outputs related to the realization of a unit of service or element. For example
1M of Swiss electricity, 1m? of solar module or the drying of 1kg of corn starch. A process can
be composed of other processes, and does not necessarily refer to a functional unit.

2. Product Stages : This is the place where we enter the reference flows

3. Waste type: allows you to see which waste category the materials in the database belong to.
The waste category is important for end-of-life modelling.

6.1. Process

Example of a process:

When you click on a process (Figure 6), e.g. primary aluminium ingot, the window opens in principle
with the inputs/outputs of the process (2), i.e. everything that goes in and everything that comes out.
This information is important for choosing a process during modelling and, at the end, for interpreting
the results. The documentation tab (1) allows us to access the process metadata: how the data was
collected, by whom, where, and details of the product (composition, density, etc.).

In input/output, we have in the first box (3) the name of the product followed by the box in which the
avoided products will be listed (4). Part 5 lists the inputs, whether raw materials (resources), processed
materials or energy. Then come the direct emissions (6), into the air, water, soil.... Finally, we have the
different waste treatments for this process (7).
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Documentation Entrées/sortan) | Paramétres | Deserintion du systéme |
Z
Produits
Sortants connus vers la ére. Produits et co-produits quibtite Unité Quantité Affectation % Type de déchets _Catégorie Commentaire
‘Aluminium, primary, inget (RoW]| production | Allac Def, U 3 {10 kg [ Mass 100% Aluminium [ Metals\N_.\Transformation
{Insérer une ligne ici) =~
tite Unité Distribution  Ecart Type”2 ou Min Max Commentaire
(Insérer une ligne ici] 4
Entrées
Entrées connues de la nature Sou Quantité Unité Distribution __Ecart Type”2 ou_Min Max c
Water, unspecified natural origin, RoW [ in water [ 0ogis [ms [Lognormai [ 10777 | [ [ @3.21,1n3
| 141 2010 data. Reported as “Fresh water™,
Onsérer une ligne ici) 5
Entrées connues de la ¢ ériauy/carburants) Quahtité Unité Distribution __Ecart Type"2 ou_Min Max <
Aluminium, primary, liquid {GLO}| market for | Alloc Def, U [1o I [Lognorma [ 11137 | [ 5,2,2,1,1,na)
Sum of reported primary aluminium, serap and alloying elements in
11 survey, Remelt ingots not considered (assumed internal loopl.
Carrugated board box (GLOJ| market for corrugated board box | Alloc Def, U [oodls [ xa [Lognormai [ 1.2285 | [ (1,1,4,51,n3)
Rack wool {GLO)| market for | Alloc Def, U | oof1 | xa [ ognormai | 1.2285 | | (1,1,4,51,n3)
Chilarine, liquid {GLO} market for | Alloc Def, U | 36@s | kg [ Lognormal | 10777 | [ 1,3,2,1,1,na)
141 2010 Data
Refractory, fireclay, packed (GLO}| market for | Allo¢ Def, U oofr kg Lognermal | 1.2214 L,1,4,5,1,n3)
Cryolite (GLOj| marketfor | Allac Def, U ool kg Lognormal | 1.2286 (L1,4,5,1,n3)
Nitrogen, liquid {Ra\Wj| market for | Allac Def, U ool kg Lognormal | 1.2286 (11,4,5,1,n2)
Paim oil, crude {GLO)| market for | Alloc Def, U sofls kg Lognormal | 1.2286 (L1,4,5,1,n3)
Aluminium casting facility {GLOJ| market for | Alloc Def, U 15§10 3 Lognormal | 44133 (5,5,5,5,5.n3)
Rough estimate
silicon, grade {GLO}| market for | Alloc Def, U [oofks I [Lognorma [ 1.2286 | [ 1,1,4,51,na)
‘Argon, liquid {GLOY market for | Alloc Def, U | o | ke | Lognormal | 1.2357 | [ (L,3:4,5,1,na)
(Insérer une ligne ici)
entrées connues de la ére (8 : Quahtité Unité Distribut; Ecart Type"2 ou_Min Max c
Heat, district or industrial, natural gas {GLO]| market group for | Alloc Def, U | 0af0038461538 My [ognormai [ 10777 | [ 23,21,1,n3)
Heat, district or industrial, ather than natural gas (RoW}| heat production, at hard coal industri| 0.0480144 [ [ Lognormal | 10777 | [
Heat, district of industrial, other than natural gas (RoW}| heat production, heavy fuel oil at ind | 0.18b4795821462] M [Lognormai [ 10777 | [ 23.21,1,n3)
Heavy fuel oil
Heat, district of industrial, other than natural gas (RoW}| heat production, light fuel ol at indu| 0.04¢1690408357( [Lognormai [ 10777 | [ 23.21,1,n3)
Light fuel ail combustion
Electricity, medium voltage, aluminium industry {CN)| market for | Alloc Def, U [ oo [awn [rognorma [ 10777 [ [ 13.21,1,n3)
141 2012 Enegy Survey Data, reparting rate 37%
(Insérer une ligne ici]
Sortants
 Emissions vers I'air sou! Quihtité Unité Distribution Ecart Type”2 ou_Min Max C
Sulfur dioxide [ [ oofpr1 [ xa [Lognormai [ 10777 | [ 1,3.21,1,n3)
Calculated as reported amount in 1A 2010 Survey less ealeulated
emissions from of reported fuels.
Dioxin, 2,3,7,8 Tetrachlorodibenzo-p- | [ 13fe12 [ kg [Lognormal | 14941 | | 11,2,2,1,1,na)
Hydrogen chloride [ | 24fs I [‘ognormal | 1.4978 | [ 1,3,2,1,1,na)
141 2010 data.
Particulates, < 2.5 um [ [ 13jes [ kg [Lognormal [ o777 | [ 23,21,1,na)
Reported amount (AL 2010] minus calculated emissions from ansite
fuel combustion, and distributed amang three dlass sizes using
CEPMEIP database emission factars for Production of primary
aluminium, Abatement level: medium,
Nitrogen oxides [ stratosphere = troposphen| 7205 [ ko [Lognorma [ 14978 | |
Particulates, > 10 um [ | 74ffs | kg [ Lognormal | 10777 | [ 11,na)
rted amount (A 2010] minus calculated emissions from onsite
fuel combustion, and distributed amang three dlass sizes using
CEPMIEIP database emission factors for Production of primary
aluminium. Abatement level: medium
Particulates, » 2.5 um, and < 10um [ 16Es kg Lognormal 1.0777 23,21,1,na)
Reported amount (AL 2010] minus calculated emissions from ansite
fuel combustion, and distributed amang three dlass sizes using
CEPMIEIP database emission factors for Production of primary
aluminium, Abatement level: medium,
(Insérer une
N Emissions vers reau sou qufptité unité Distribution __Ecart Type"2 ou_Min Wax [<
0ils, unspedified [ [EE 5 [ ko [tognormal [ 29048 [ [ (L3,21,1,na)
141 2010 data. Reported as “Oil/Grease - HC total™.
Suspended solids, unspecified [ [ oofora [ ko [Lognormal [ 14978 [ [ (L3,21,1,na)
141 2010 data.
Water, RoW [ [oofs2s [ms [Lognormai [ 10777 | [ 1,3,2,1,1,na)
141 2010 data. Reported as -
(insérer une ligne ici)
Emissions vers le sal Sous-compartiment Quihtité Unité Distribution  Ecart Type”2 ou Min WMax Commentaire
(Insérer une ligne ici)
Flux de déchets finals Sous-compartiment Quihtite Unité Distribution  Ecart Type”2 ou Min Max Commentaire
(Insérer une
Emissions non matsrielles Sous-compartiment quibtite Unité Distribution  Ecart Type”2 ou Min Max Commentaire
{nsérer une
Questions sociales Sous-compartiment Quihtité Unité Distribution  Ecart Type*2 ou Min Max Commentaire
(insérer une ligne ici)
Questions économiques Sous-compartiment Quihtité Unité Distribution  Ecart Type”2 ou Min WMax Commentaire
(Insérer une ligne ici]
Soriants cannus vers la technosphere. Dechets et emissions pour tratement Quihtite Unité Distribution _Ecart Type"2 ou_Min Max C
Fifter dust from Al electralysis (GLO}| market for | Allo¢ Def, U [oofss kg Lognermal | 1.0936 23,.21,1,n3)

Amount includes both filter dust sent to landfill and sent to
recycling. Currently, no fitter dust recydling process exists in
ecoinvent database, and hence these are modelled as sent to
landfill, 5o total s sent to landill
Froduction Volume Amount: 592163.925000956
Dross from Al electrolysis {GLO)| market for | Alloc Def, U [ooj1s kg Lognormal 10936 23.2.1,1,na)

Amount includes bath dross sent ta landfill and sent to recycling.
7 Currently, no dross recyeling process exists in ecoinvent, and hence

these are modelled as sent to landfil,
Froduction Volume Amount: 0
Inert waste, for final disposal {GLO}| market for | Alloc Def, U [oofi7s kg Lognormal 10936 23.2.1,1,na)

Amount includes ““unspecified scrap sent to recying™, “refractory
material sent ta recycling™, “refractory sent ta landfill™ and
landfill waste™, If it becomes possible to specify scrap, then these
should be broken out of this total. Currently, no recycling process
exists in ecainvent for refractory material, and hence these are
modelled as sent to landfill.

Production Volume Amount: 0

{Insérer une ligne ici)

Figure 6 - process example

Did you know? You cannot directly modify a process in SimaPro, to modify it, you must first make a
copy of it:

1. Select the process

2. Click on "Copy".
3. Change the name of the process to find it quickly

10



4. Modify the process as needed
5. Save and close
6. Move if necessary

This allows us, for example, to transform a material counted by volume into a material counted by
mass. This is very important, as SimaPro only manages the end of life in kg. It uses the numerical value
that it considers in mass to calculate the end of life. If you put 3.5m3 of concrete, it will treat as 3.5 kg
of concrete, instead of about 7700kg! To avoid this problem, the concrete process must be modified
(Figure 7). Go to the exercise data to find the density of the concrete and replace 1m3 with the weight
of the concrete. In order to change the unit, you must first change the quantity (1) to "mass".

Documentation  Inputfoutput | parameters | System description |

[ Products |

Known outputs to technosphere. Products and co-products

Mame Amount location % Waste type Category Comment
|concrete, normal {6LG} | market for | Alloc Def, U 2200 0%  [Cement |Comstruction|Conarete\Market |

(Insertline here)

Known outputs to technosphere, Aveided products

Mame Amount Unit Distribution SD~2or 2*3DMin Max Comment
(Insert line here)

I

[ Inputs

Known inputs from nature (resources)
Name Sub-compartment  Amount Unit Distribution SD#2 or 2*SDMin Max Comment
(Insert line here)

Known inputs from technosphere (materials/fucls)
Name Amount Unit Distribution SD#2 or 2*5DMin Max Comment
[Transport, freight, inland waterways, barge {GLO}| market for | Alloc Def, U |23 [tem [Logrormal — [2.281 | | (1,1,4,5,4,na)

Transport distance based on LS BTS Commodity Flow Surveys 19
Bureau of Transportation Statistics.
[Transpart, freight, lorry, unspecfied {GLO}| market for | Alloc Def, U [138.754 [tm [tognormal  [2.781 [ [ (1,1,4,5,4,na)
Transport distance based on US BTS Commodity Flow Surveys 19
Bureau of Transportation Statistics, Of the total road transport, €
large share of retail sale, and 3% for goods that are mainly sold ©
[Transport, freight, light commercial vehice {6LC}| market for | Alloc Def, U [4.284 [tem [tognormal ~ [2.281 [ | (1,1,4,5,4,na)

Transport distance based on US BTS Commodity Flow Surveys 19
Bureau of Transportation Statistics, Of the total road transport, €
large share of retall sale, and 3% for goods that are mainly sold
[Transport, freight, sea, transoceanic ship {6LO} | market for | Aloc Def, U |1052.436 [t [togromal ~ [2.281 [ | (1,1,4,5,4,na)
The total marine transport volume differentiated into major comm
(2001): Fearnley's Annual Review 2000, Oslo: Fearnley/AS, p. 1-
total maritime transport volume and has been distributed on comn
by ral and inland waterways.
The total marine transport volume differentiated into major comm
(2001): Fearnley's Annual Review 2000, Oslo: Fearnley/AS, p. 1-
total maritime transport volume and has been distributed on comn
import and export of the US in 2001-2010,

| concrete, normal {CH} production | Alloc Def, U |0.0084168855596 7824 [m3 [undefined | [ [

< m

Figure 7 - lllustration of the process that takes data in kg from an existing process in volume

The most used part is "product stages". It models the different scenarios:

e The production phase is modelled in "assembly

e The life cycle part groups the three phases of the life cycle. We'll model it after we do the end
of life.

e The end of life phase can be modelled in "disposal scenario", for simplicity, we will take
directly the waste scenario that we have modelled in "waste scenario".

The other product stages will not be used.
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n.] Explorateur ACY

l::tape du produit
Types de déchets
Paramétres

Etude d'impact
Méthodes

Configurations du calcul

Figure 8 - product stages

Assi El- Stades du produit

- bl
| Assistants ' __ Cycle de vie

Objectifs et portée

Description (- Désassemblage

Bibliothégues [- Réutiliser

Inventaire

Processus

- Scénario d'élimination des déchets

6.2. Production phase: assembly

An assembly represents a studied system, a scenario; it always refers to ONE functional unit and is
accounted for as a "part". To model the production phase, assemblies and sub-assemblies are created
in the product stage assembly. For different installations, we will have a main assembly referring to

sub-assemblies, Figure 9:

Scenario assemblies

BIPV installation

Sub-assemblies level 1

Conventional covering

\
4\

Figure 9 - Example of modelling in assemblies and sub-assemblies

BIPV slanted roof

BIPV facade

Conventional Roof

It is practical to structure the assemblies in this way, as 2 different scenarios can have the same piece

(assembly).

ASSEMBLY

1 m* d'enveloppe PV avec utilisation

SOUS-ASSEMBLY

Fixation sur bitiment (
mounting, flashing, .

)

Nouveaux
PROCESSES processus
ecoinvent
processus

Figure 10 - Assemblies strucutre for the BIPV

ecoinvent

processus

}7

Module Connection électrique Transport (T.) Fin de vie
(inverters, cable)
| — e | [ [ ——t |- — ] e e ] e e e | [t [—
Nouveaux ecoinvent | | Nouveaux ecoinvent || T. T Nouveaux || ecoinvent
processus processus processus processus Fix. mod. processus processus
ecoinvent ecoinvent T ecoinvent
processus processus connect processus
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6.3. End of life

There are several ways to deal with end of life in SimaPro, one quite simple and convenient way is to

create the end of life as an assembly. So we create an assembly that is called end of life and that is

composed of waste treatment processes like material recycling, waste incineration and/or landfill.

For this project, we will at least recycle the aluminium and the photovoltaic modules. The inverter

will be considered as landfill in a sanitary landfill.

For aluminium recycling you can create a fairly simple process consisting of aluminium scrap and

heat and produce an aluminium wrought alloy.

For PV recycling you can also create a fairly simple process consisting of waste glass sorting and

sanitary landfill. The output product will be solar glass with a 60% grade loss. Note that sorting glass

also has a loss, so this must be taken into account in the mass balance.

For the conventional scenario, another assembly is made for the end of life.

6. Impact analysis: Results

Before performing the analysis, you can select the default method, so that you don't have to reselect
it every time. To do this, go to the Methods step (card 2, Figure 2), select the desired method (here,
IMPACT World+ Midpoint, in the Global methods) and click on "set as default" on the right.

s Professional: tst - o X
File Edit Calculate Tools Window Help
D+A "l .
n O O B = In| i B3 | E
| LCA Explorer ‘E@ £3
Wizards 5 Methods Name | version | Project |
[Wiserds European IMPACT World+ Endpoint 102 Methods New
Global WABAET Worids Midpoint i1.02 Methods
God shdscope North American LC-IMPACT | average pref. | ll imp. | 100y 101 Methods —]
Description Others LC-IMPACT | average pref. | all imp. | inf. 1.01 Methods View
Libraries Single issue LC-IMPACT | average pref. | certain imp. | 100y 101 Methods
ey Sigessededy LC-IMPACT | average pref. | certain imp. | inf. 101 Methods
Water footprint LC-IMPACT | marginal pref. | all imp. | 100y 1.01 Methods
Processes 2 -
LC-IMPACT | marginal pref. | all imp. | inf. 101 Methods —
Produck stages LC-IMPACT | marginal pref. | certain imp. | 100y 101 Methods Used by
Waste types LC-IMPACT | marginal pref. | certain imp. | inf. 101 Methods
Parameters ReCiPe 2016 Endpoint (E) 107 Methods Sheck
ReCiPe 2016 Endpoint (H 107 Methods
Impact assessment point (H) Set as default |J
ReCiPe 2016 Endpoint (1) 107 Methods
Methods ————
: ReCiPe 2016 Midpoint () 107 Methods
Calculation setups ReCiPe 2016 Midpoint (H) 107 Methods
Interpretation ReCiPe 2016 Midpoint (1) 107 Methods
{ptefpetation Normalization/Weighting set
Document Links
General data
Literature references
Substances
Units IMPACT World+ Midpoint ~
Quantities
Images [This implementation (SimaPro version 1.00) corresponds to IMPACT World+ Midpoint version 1.29. It includes only recommended (not
interim) midpoint level indicators and partial regionalization. For fully regionalized version of IMPACT World-+ use SimaPro Flow or contact
Support]
IMPACT World+, is the update of the IMPACT 2002+, LUCAS, and EDIP methods. According to the developers, most of the regional impact
categories have been spatially resolved and all the long-term impact categories have been subdivided between shorter-term damages (over
the 100 years after the emission) and long-term damages. Impact categories the Midpoint version are based on the following models:
- Global Warming Potential (GWP100) and Global Temperature Potentials (GTP100) are used for, respectively, climate change short- and v
103 items 1 item selected Default: (No method selected)

Faculty ENAC IT 004

9.4.0.2 Faculty

Figure 11: selection of the default method



To do an analysis, we can either:

e Compare different life cycles or assemblies. To do this, select them while holding down the
ctrl key and click on the "Calculate \ compare" menu (or on the 4 button, Figure 4)

e Analyze a life cycle or an assembly. This makes it possible to have the impacts by details of the
life cycle, respectively of the assembly. In particular, the details per phase of the life cycle.
Select and click on the menu " Calculate \ analysis " (or on the button 3 Figure 4)

In both cases, we end up with a similar window where we have to select the impact method, Figure

12:

‘s Professional; tst

File Edit Calculate Tools Window Help

Help

< Calculate Close

= |
o O R O [ = Wl | =3
"1 %S New calculation setup = o] = | =
L General | Analysis groups ew
|—" N
d | MName Eait
0|
J | Comment iew
op

1 | Calculation function y
P @  Network elete
P ©  Tree
W| © Aneyze i
g @ Compare

Mattioa as list
" | FIMPACT Worlds Midpoint V1:02 1

Product Amount Unit Project Comment
qd | [ [ [o [st I
W | Lréférence |1 (e [ tst |
| Current library Suffix
o | ]
G | Replacing library Suffix
! T ]
o | Switches
u [T Exclude infrastructure processes
q [T Exclude long-term emissions
In

< >

——

Faculty ENAC IT 004

9.40.2 Faculty

Figure 12 - example of an impact assessment comparing the life cycles of the three scenarios. You can change

the impact method by clicking on the "method" field

After clicking on "calculate" (bottom right), the software compiles the data and you get a window with

different options, Figure 13.

If you have been searching for multiple assemblies or processes, you can save the calculation

configuration. This saves you having to go looking for them when you need to recalculate. The

calculations are saved under "impact assessment\calculation setups" (frame2, Figure 2) in the left part

of your software.
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) Fichier Edition Calculer Outils Fenétre Aide EEE
D+A 3 .
D OB EAa|x<Dn 2 B |
Etude d'impact | Inventaire | Contribution des processus | Confiquration du calcul | Véification de (442.9) |
Caractérisation Normalisation Pondération Score unique ™ unités par aéfaut
Sauter atégories [Jamais ) | ﬁ |:||:I[| | e I Exdlure le long terme

e I Par catégorie d'impacts

Apercu du produit

%
he e e B RE B R R R R XL R P R BN NN RO R AN R A BERREE R RERER

p— [ [e— Mosra, fosit
e epetan e s

Compmsnnn ey e Lp mbnis Tt p bt ¥

Figure 13 - Example of results obtained with "compare" by selecting 3 scenarios.

The options available in the "Impact assessment" tab (Characterisation, Normalization, Weighting)
depend on the selected impact method. For IMPACT World+ Midpoint, only characterization is
available. That corresponds to the midpoint results.

The results can be obtained in the form of graphs or tables (red frame, Figure 13). It is possible to
export the results in the current form via the "file export" menu or to copy the table and paste it into
Excel.

The "inventory" and "process contribution" tabs allow you to obtain the substances and processes
that contribute the most to the gross inventory or the impact analysis. Simply change the "indicator"
option and click on the column titles to perform an ascending/descending order. An example is given
in Figure 14.
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Fichier Edition Calculer Outils Fenétre ~ Aide ==

o LR OE = [ o B | E

Etude dmpact Inventaire | conmbution desprocessus | confiaurstoncucail | vernctondewazs | Apercu du produt |
Inaicateur Troncature

I Sautertes inutisés [Grgamaton =] [ r B ol

Aegane I™ Exclure le long terme

Human toxicity, cancer effects - r
[ Substance Compartime | Unité scénario 1 scénario 2 scénario 3 TJ -
20 Benzo(alpyrene Air CTUh 1.07E8 148E8 11E8 .
S TBerent fo o Tats iate sioes Click here to sort the
S e — corresponaing scenario in
27 Sol CTUh 9.86E-10 9.25E-10 8.86E-10 H
: L L L ascending order
41 Styrene AT CTuh 4.75E-11 4.76E-11 8.23E-11

Comparaison de 1 p ‘scénario 1, 1 p ‘scénario 2'et 1 p ‘seénario 3', méthode: ILCD 2011 Midpaint - V1.08 / EU27 2010, equal weighting / Caractérisation

Figure 14 - Results of the comparison of the three scenarios at the characterization inventory level (red box)
for impacts on human health (green box)

When doing an analysis (but not a comparison) the network tab appears. It allows you to view impacts
by midpoint category, by process or by substance. In Network, you can also limit the number of visible
elements. For example, you can display only the elements that contribute to more than 10.2 % of the
impacts (Figure 15) (cut-off). Cut-off are also possible for the inventory or process contribution. In
Figure 16, for example, we can see all processes contributing to 3% or more of the particulate
emissions (in kg PM2.5 eq.). )

The inventory, contribution process and network tables are extremely useful in interpreting the
results.
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) Fichier Edition Calculer Outils Fenétre  Aide [==]=]
h oD NR | \ S5 BB
Réscau | Etude dimpct | ivertaire | Contibution des procffaus chprauration au et | Verthcations | soeasduprogut |
| N D [anammion =] [Portcuiste mater kg P25 ea) y % @dl & E =)
o Assenbiage LerEEg = 0

[ Cyde de vie
Scénario d'élimination des déchets

[ Seénario de déchets
[ Traitement de déchets

32 noeuds visibles de 10123

I

Figure 15 - network

@9 Fichier Edition Calculer Outils Fenétre Aide

hloDk OB
|

&

Réseau Etude d'impact |

In|

Inventaire

Vérification de (442.9)

A T (=

Contribution des processus |

Canfiquration du calcul |

[BEE|

Apercu dupd

Indicateur

[

| Caractérisation

< |Particulate matter

e
N )I

I Unités par défaut
I Exclure les émissions a long terme

I Par catégorie d'impacts

B ol

& Standard

Analyse de 1 p ‘scénario 1', méthode: ILCD 2011 Midpoint= V1,08 / EU27 2010, equal weighting / Caractérisation

© Groupe
3 /[ erojet Unité Total maison 1 Heat, central or | sénario déchet
small-scale, maison

Totalité de I'ensemble des processus kg PMZS e 3.41 0.551 239 0487
Frocessus restants kg PMZS ec 145 0393 0869 0186

1 Electricity, high voltage {IN| electricity production, lignite | Alloc Def, U Ecoinvent 3 - allocation, de kg PM2.5 ec 0,161 0.0334 0111 00115

2 Electricity, high voltage {RUJ| heat and power co-generation, lignite | Al Ecoinvent 3 - allocation, de kg PM2.5 ec 0347 000425 0341 00021

3 Electricity, high voltage, for internal use in coal mining {CMj| electricity ; Ecoinvent 3 - allocation, de kg PM2.5 ec 0,146 00489 00845 00131

4 Electricity, high voltage, for internal use in coal mining {RoWj| electricity Ecoinvent3 - allocation, de kg PM2.5 ec 0178 0.0595 0103 00159

5 Heat, central or small-scale, natural gas {CH]| heat production, natural ¢ Ecoinvent3 - allocation, de kg PM2.5 ec 0,115 112610 0115 5.54E8

6 Municipal solid waste {CH]| treatment of, incineration | Alloc Def, U Ecoinvent 3 - allocation, de | kg PM25 ec 0235 % Tx 0.235

7 Natural gas, high pressure (RoWl| natural gas production | Alloc Def, U | Ecainvent 3 - allocation, de kg PM25 ec 0,107 0.0063 00991 00012

B Sour gas, burned in gas turbine {RoW}| pracessing | Allac Def, U Ecoinvent 3 - allocation, de | kg PM25 ec 0675 0.00127 0671 000213

Figure 16 - contribution of particulate processes (cut-off 3%)
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7. Payback time and sensitivity analysis

8.1. Carbon payback time

Calculate the annual production of the complete system, including losses and calculate the total
CO2eq impact of the PV modules.

Calculate the CO2eq impact of 1kWh of the energy mix of the country where the installation is built,
derive the annual amount of CO2eq avoided by the electricity production of the PV panels.

Define from which time the avoided impact equals the total impact of the system.

8.2. Energy payback time

For the energy payback time, do the same as for the carbon payback time, but to get the amount of
energy we have to use a network analysis. It allows us to find the amount of energy used to create the
photovoltaic modules.

s CAUsers\Public\Documents\SimaPro\Database\Professional; My BIPY - [Analyser Module_25] - o X
s Fichier Edition Calculer Oufils Fenétre Ade - &=
B | E
@ Ok 0 Q B | B
Réseau | Etude d'impact | Inventaire | Contribution des processus | Confiquration du calcul | Vérifications | »
P o - - - = [=[a]
N O o A £ % Gl & 6 0 b B O o B 60
kg 132kg “
1 Assemblage Silicon carbide Silicon, single
0 Cycle de vie {GLOY market for | crystal, czochralski
[ Scénario d élimination des déchets Cut-off, U rocess,
o Désassemblage 243 ky CO2 eq 1.88E4 kg CO2 eq
o Reutiliser
0§ Matériau
O e
o Transport
g Treitement 201 kg 132 kg 33 noeuds visibles de 12866
T Utiliser Silicon carbide Silicon, single
[ Scénario de déchets {RoW}| preduction| crystal,
0 Traitement de déchets | L Camdindza
18263 kg CO2 eq | 1.88E4 kg CO2 eq
|
]
[ ——
i | | |
kg 215kg 126 kg 197EAMI 2.03E4 M)
Argon, liquid Silican, electranics| Silicon, solar grade Electricity, Electricity,
{RoW market for grade {GLO)| {GLOY market for | medium voltage medium voltage
argan, liquid | market for | Cut-off, U {RAS}| market {RNA} market
19163 kg CO2 eq 178E3 kg CO2 eq 6.24E3 kg CO2 eq 127E4 kg CO2 eq 29563 kg CO2 eq |
TT0kg 02kg 246E4 M) 621E3 M) 211E8M)
Argon, liquid Silicon, solar grade Electricity, Electricity, Electricity,
(oW} production {RoW){ silican medium voltage medium voltage medium voltage
| Cut-off, U praduction, solar {CNY market I market group) [{US) market groupl
15163 kg CO2 eq 5583 ky CO2eq || 6693 kg CO2 eq [2.32E3 kg CO2 £q 32763 kg CO2 eq_|m
T93kg 156 kg 118E4 M) 22954 M)
Argon, crude, Silicon, Electricity, high Electricity,
liquid {GLO)| metallurgical veltage {RAS} medium veltage
market for | grade {GLO}| market group for | {{SGCCH market for
137E3kg CO2eq 1.72E3 kg CO2eq |y 2.98E3 kg CO2 eq 6383 kg CO2 eq
22964 M)
Electricity,
medium voltage v
< >

Figure 17 : example of quantity needed for photovoltaic modules
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8.3. Sensitivity analysis on PV cleaning.

To perform sensitivity analyses on PV cleaning, create PV cleaning assemblies based on the number
of times the panels will be cleaned over the lifetime. Cleaning is composed of water and transport of
the persons who will clean the PV.

Make a comparison between the impact of cleaning and the amount of energy induced by yield loss.
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