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1 Introduction

1.1 The purpose of this tutorial

In this tutorial we aim to guide you through your first experience with SimaPro by taking you through a series of simplified examples.
The tutorial does not attempt to explain the theory behind LCA and all its methodological issues. The basic theory and main
concepts behind LCA are described in the manual ‘Introduction to LCA with SimaPro’. This manual can be accessed through the
help menu in SimaPro or it can be downloaded from the PRé website http://www pre-sustainability.com/Ica-learning-library.
Each lesson in this tutorial starts with a table that summarizes what you should read.

To follow the examples in the tutorial, you need to either have a demo version or a registered version of SimaPro. In terms
of software, the demo version is the same as the full version with one important difference: you can enter, edit and save
data, but the save command can only be used 16 times. This should be sufficient to do all exercises in this tutorial, but
be careful not to waste your limited opportunities to save the data. Please note that reinstalling the demo will not reset
the counter.

Please note that this manual has been developed using SimaPro 8.0.3 (released in May 2014). Since then, only minor
updates to the content of the tutorial have been made. If you are using another version of SimaPro, your results and
screens may differ from what is presented here.

1.2 The lessons

We have prepared a number of examples that will allow you to become acquainted with SimaPro. Choosing which examples
you would like to follow depends on the amount of time you want to spend and the application you have in mind.

Lesson 1: Basic features of SimaPro

We suggest starting with example 1: the guided tour with coffee. The example will show you how a complete LCA is stored
and analyzed in SimaPro. It will also explain how you should interpret results, and how the result windows work. It will not
explain how you can enter data into SimaPro.

Lesson 2 A, B, C, D and E: Entering data and building life cycles
Lesson 2 is a comprehensive example that will take a few hours to complete. It will show you how to build up an LCA: how
to enter process data, how to analyze results, and how to perform a simple sensitivity analysis.

Lesson 3: Using the wizard to build life cycles

After having done all of the hard work in lesson 2, this lesson will show you how to build a life cycle in a semi-automatic
way. In fact, you will build a much more advanced life cycle in a much shorter time. You may, of course, wonder why we
made lesson 2 in the first place, but without having experienced making a life cycle “the hard way” you will find it difficult to
understand what the wizard does for you and what the results mean. Please note that this lesson cannot be carried out using
SimaPro Direct, as wizards are not available in this version.

Lesson 4: Using input output data

Input output databases allow you to assess the environmental impact of services and study consumption patterns. They
are also useful in screening LCAs or in assessing the importance of missing data. You can find out more about input output
databases under Help> SimaPro Manuals.

Lesson 5: Addressing the weighting problem

Weighting is a controversial subject in LCA. In many cases you will need to make trade-offs between different impact
categories. The weighting triangle is a way to communicate the weighting problem to stakeholders and to come to a
decision without using weighting factors.

Lesson 6: Assessing uncertainties with Monte Carlo
SimaPro Analyst, Direct, Developer and PhD can run Monte Carlo analyses to determine the uncertainty in your results. In the
demo you can use the Monte Carlo feature 6 times.


http://www.pre-sustainability.com/lca-learning-library
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1.3 SimaPro training

With this tutorial, you will learn how to use SimaPro by yourself. If you want to develop more advanced skills, PRé and its
global partners provide dedicated SimaPro trainings. Please check http://www.pre-sustainability.com/training for more
information. Some trainings require you to first perform some of the lessons in this tutorial, to ensure that everyone attending
the course understands the basics. This also allows for more time to be spent on or more advanced subjects.



2 Lesson 1: General Introduction; Using the

Guided Tour

Overview

General overview; become familiar with the most important result screens and
terminology in SimaPro

What you will learn

SimaPro Tutorial

Required entry level

Basic understanding of what LCA is about; this is intended to be your first experience
with SimaPro

Recommended reading

‘Introduction to LCA with SimaPro’, chapter 1

Project needed

Introduction to SimaPro

Approximate time needed

2.1 The problem

Find out what guidelines should be given to designers of coffee machines. For instance, should they focus on material se-
lection or energy efficiency in the use phase? Is the consumption of paper filters important? We will also investigate if it is

20-45 minutes

important to organize a take-back and a recycling system.

2.2 Use the predefined wizard first

Open the project Introduction to SimaPro, go to the Wizards section and select the Guided tour (with coffee). The wizard will
guide you through some screens and give a generic overview of the capabilities of SimaPro. Please note that wizards are
not available in SimaPro Direct.

In this example, two coffee machines are defined: model Sima and model Pro, with the following specifications:

Main material for housing

File Edit Calculate Toals

Window Help

D@ & +2E| LB | asnmi &a

| LCA Explorer

Wiizards

Goal and scope

Librar

Impact assessm

Model Sima

Plastic

-of- Calculate PAS2050

Calculates the carbon storage and delayed emissions accarding to PAS20S0. The result is one or m

@. Guided Tour (with coffee)

This guided tour will show you the most Important Features of Simapro in about 15-45 minutes.

Jnt. LCA Wizard

The LCA wizard helps you to sek up your LCA model. Tt is particularly usefUl when you want to mod

.f- LCA Wizard Demo

The purpase of the LCA Wizard is ta show you how to model a ife cycle of a product in SimaPra, us

Model Pro

Aluminum

System for keeping coffee warm

Hotplate

These products are analyzed and their environmental impacts are compared.

Take time to go through all 3 chapters in the wizard. This should take around 20 mins.

Thermos jug
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2.3 Use the standard user interface

After finishing the wizard, you can also go through the example step by step, using the normal interface. This will help you
understand the basic features in the interface. This part should take another 20 minutes.

2.3.1 Step 1: Inspect goal and scope
Read the Description of this fictional project under Goal and Scope in the Explorer bar.

Goal and scope
Libraries

2.3.2 Step 2: Inspect the processes in the database
Click on Processes under Inventory and inspect the range of processes supplied in the database. Choose a process, and
double-click it. The process is opened and you can inspect how it is defined.

Inventory

2.3.3 Step 3: Analyze the environmental profile of a product
Click on Product stages. Expand Assembly and then select Coffee machine (demo). You will see 2 assemblies. These are the
basically product definitions.

Double-click Assembly model Sima (plastic); the assembly will be opened and you can see how it is defined.

[=)-Product stages | Name /|

E] Assembly Assembly model Pro (aluminium)
Coffee macne (cem)

-Sub assemblies (parts)

-Use phase products

-- Disposal scenario
[#]- Disassembly
- Reuse

Now click the Analyze 1l toolbar button and then Calculate to arrive at the inventory and impact assessment results, as
well as the process contributions. The ReCiPe Endpoint H/A method has been selected as the default method. Later in step
10, we will show how you can select another default impact assessment method.

Figure 1 shows the characterization results under the Impact assessment tab. Click the Characterization button if you see a
different graph. Since all impact categories have a different unit, they are plotted in a percentage scale. The colors indicate
the relative contribution of different parts of the product.
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Colors indicate
the contribution of

In Characterization, all
results are plotted on

Select impact
assessment results

Switch between Check missing
graph and table characterization
factors

a percentage scale different parts

‘-')File Edit Calculate Tools indow Help

@) A+l F+E
= | 2 P s =

Netw rkI Tree Impact assessmen |Irwenhor\-' I Process contribution I Setlp I Checks (28170) I Product overview I

W%_:jhting | Single score | I~ Cefault units

{* Standard [~ Exclude long-tgrm
i i - el 3] 1% - =
Skip citegories Mever —I El_illl_ﬂ ﬁl :ll_llil  Group I Per impact cafegory

I Characterization Damageﬁssessrnentl Mormalization |

Y
w
=1

Climat Ozone Huma Photo Partic Ionisin Clmat Terres Fresh Terres Fresh Marin  Agricu Urban Natur  Metal Fossi
echa deple ntoxi chemi wulate gradi echa triala water triasle water eecot ltural land alland deple  deple

I Housing model Sima I small parts for model Sima/Pro ] Mains (230 Volt) cable H Coffee pot

Analyzing 1 p 'Assembly model Sima (plastic)'’;
Method: ReCiPe Endpoint (H) V1. 10 / World ReCiPe H/A f Characterization

Figure 1: Inventory and impact assessment results

From the many possible uses of the results window we just mention three:

1. LCl results: The inventory result is a long list of emissions and resources. Click the Inventory tab. It is on the right side of
the Impact Assessment tab.

2. With the buttons Characterization, Damage assessment, Normalization and Weighting, you can follow the different impact
assessment steps. These buttons are sub tabs of the Impact Assessment tab.

3. Process contribution analysis: this shows the relative contribution of each individual process to an impact category or to
another indicator.

A special feature of this results window is the possibility to click a graph, or right-click the tables; you will then get the option
to further specify the results.

Please feel free to experiment with this important window. Press F1 if you need help or an explanation.
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2.3.4 Step 4: Generate a process network

Click the Network tab in the upper left-hand corner of the window. A network flow chart will be generated. A warning mes-
sage will tell you that the network is not completely visible. This is because by default only twelve processes are shown.
SimaPro automatically calculates the influence of a process, then selects a “cut-off value” so that only twelve processes are
shown. Please click OK. Now you can see the network of all processes together. Each box represents a process. The arrows
present the flows between the processes. The red bars (or thermometers) indicate the environmental load generated by each
process and its upstream processes. This is a useful feature, as you can distinguish between important and less important
processes (i.e, identify hotspots)

Please note that the colors of the boxes may differ on your screen. You can define your own color settings by right-clicking
the background area then selecting Colors.

Determine which
indicator is
displayed and used

Select network or
tree; in a network
every process is

SHASEL LG
diagram

Don't show proces-
ses that contribute

Zoom in and out by
sliding this bar

less than this

shown once for cut-off percentage (cut-off)

(S File Edit Calculate Tools / Window Help
Dle@da|d &|+HR| LIS wsndi| ®e

Network | Tree I Impact asse: ntI Inventory I Process contribution I Setup I Checks (281, I Product overview I

[ afomse 1 =lleo [z e[| ¥[=| W&l ofe ib]s] <

-
S E:ecn;::: Navigator ,/ =
O Disposal scenario
O Disassembly
O Reuse
O Material
O Energy
O Transport [l
O Processing
O Use
O Waste scenario
0O Waste treatment
P
Small parts for Mains (230 Volt) Coffee pot
model Sima/Pro cable =
19.7% J 19% 17.2%
)
I
0.1kg 1.16 kg 0.15kg 0.08 kg 0.4kg
Aluminium, Injection Steel, Copper, at Glass, virgin/RER.
production mix, at] moulding/RER 5 low-alloyed, at regional S demo?
plant/RER 5 demo? plant/RER 5 storage/RER 5 L4
7.73% 14.3% 7.17% 21.5% 5.49%: -

Figure 2: Process contributions

This window has a wide range of options that you can experiment with. The following are especially interesting:
- With the indicator selector [snoe scoe =1 you can specify which indicator or LCl result is to be represented by the “ther-
mometers” in each process. You can choose any single impact category or inventory result.
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- Cut-off setting o E' Processes that contribute less to a selected indicator than the percentage you have specified here
are not shown. In this case the cut-off value is set to 3.5%. When you set it to zero you will also see all processes.

- The split screen =/ button shows the content of the process that is selected in the network.

2.3.5 Step 5: Analyze a full life cycle

Next, you can analyze a full life cycle of the coffee machine. Close or minimize the previous window and click Product stages,
expand Life cycle, and then select Coffee machine (demo). You will see 2 product life cycles. Double-click Life cycle model
Sima (plastic). Read the comments to see how the functional unit has been defined.

[ Product stages Name /
- Assembly Life cyde model Sima (plastic)
[=)- Life cydle Life cyde Pro, no takeback

: [ Coffee machine (demo)
. -Others

[+ Disposal scenario

[#]- Disassembly

[ Reuse

Click the n button and press Calculate to get an analysis such as the one in step 3, but this time the analysis of the entire
life cycle is shown. You can now inspect the relative contribution of the various life cycle stages. Click the Network tab to get
the window as seen shown in figure 3.

You can recognize the assembly, the use processes, and the disposal processes. The coffee filter is defined as an additional
life cycle, with its own assembly and disposal stage.
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Household waste scenario Life cycles (yellow) can
include additional life cycles
for packaging, filters, etc.

This part of the network
describes the assembly
(cradle to gate)

Contribution to the single
score is shown in the small
bar charts; this is also the

Additional life cycles include
production and disposal.

basis for cut-off

B EE]

(.) File Edit\ Calculate Tob Window Help

ST Y

AL AR
500 =

ST T )

Netwark | Tree Procesg contribution | Setup | Checks | Product overview |
|| %ﬂ ISiane score d I(Pt} ~ I T I % || 7)== i & ﬂ Qﬁl
o -ﬂ:eml;ly Navigat/ i
O Life cyde :
O Disposal scenario 1p )
O Disassembly Life cyce model
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O Material
O Energy 100% <
O Transport 17 nodes visible of 48
O Processing
O Use | / / |
O Waste scenario y — __
O Waste treatment ip 1.35E3M] 7/ 365E3p
‘Assembly model Electricity, low Use of a coffee
Sima (plastic) voltage, filter
production UCTE,
4. 78% - 87.6% 7% =
1p [T 1p [ 1p M 1p [] 3.65E3p | | NEEE]
Housing model Small parts for Mains (230 Volt) Coffee pot Filter production Municipal waste ML
Sima model Sima/Pro cable 5 demo? Ei
2. 11% L] D.942% L] 0.911% L] 0.821% L 6.63% - 0. 743% | |
H J | IT I
T I T T |
[ — | — 1 — _ _
1.14kg 1.16kg 0.08 kg T.4kg 3.72 thm 7.93kg
Polypropylene, Injection Copper, at Faper, Transport, lorry Indneration/CH 5
granulate, at moulding/RER 5 regional wood-containing, 28t/CH 5 demoT demo7
plant/RER S dema7 storage/RER S LWC, at regional
1.81% L 0.682% L L.03% U 6.29% = 0.441%: L 0. 798%: Ly -
0.991kg
Disposal,
polypropylene,
15.9% water, to
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i
] n 3

Figure 3: Network

2.3.6 Step 6: Compare two products in the production stage
In addition to model Sima with plastic housing, we also modeled a different coffee machine: model Pro. This one has aluminum
housing and uses a thermos jug to keep the coffee warm. Model Sima uses a hotplate.

First, compare the production stages. Select Assembly model Sima (plastic), and while holding down the CTRL key, select
Assembly model Pro (aluminium) in the list of assemblies.

[E-Product stages

[=]- Assembly Assembly model Pro (aluminium) g q
[E)- Coffee machine (demo) Assembly model Sima (plastic) SeIeCt mU|t| p |e items by

-Sub assemblies (parts) s Ly G .
Use phase products clicking while holding

| i-Others down the CTRL key
[-Life cyde

[#)- Disposal scenario
v-Disassembly
[#-Reuse
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Click Compare filk and then Calculate. A window will be generated that compares both products by impact category. In this
case, interpretation is easy; model Sima has a much lower load than model Pro. If you analyze only model Pro — the way you
did with model Sima in step 3 - you will see that this is due to the use of aluminum in the housing.

2.3.7 Step 7: Compare life cycles

Comparing life cycles can be done in the same way. Select Life cycle Sima (plastic) and Life cycle Pro, no takeback. Click
Compare filk and then Calculate to arrive at a comparison of the environmental impacts of the life cycles of both models.
When the life cycles are compared, impact category by impact category in the characterization tab, it appears that the life
cycle of model Sima has a higher environmental load for all impact categories.

[E)-Product stages
[#]- Assembly Life cyde model Sima (plastic)
[=)-Life cyde Life cyde Pro, no takeback
Coffee machine (demo)
.- Others

[#- Disposal scenario

[ Disassembly

[#-Reuse

Click Single score to see a weighted total score for both product life cycles. This clearly shows that model Sima has
the higher total environmental load. This is interesting since in the production stage model Sima had the lower
environmental load. Apparently the higher energy consumption during the use phase of model Sima determines the outcome.

Note that according to ISO, single scores may not be used for “comparisons disclosed to the public”.

2.3.8 Step 8: Perform sensitivity analysis on alternative assumptions

The assumptions regarding the use of the machine are quite uncertain and may even be speculative. There is a special
subcategory under the life cycle of the coffee machine that stores life cycles based on other assumptions, for example,
regarding intensity of use and life time of the product.

i E}-C_offee machine (demo)

= Alternative scenario's

There is also a special version of model Pro where electricity is left out. This allows you to inspect the effect of the take-back
system. In lesson 6, this is used in a Monte Carlo uncertainty analysis.

2.3.9 Step 9: Inspect or select a method
In the Impact assessment section in the LCA Explorer, click Methods to view a list of all available impact assessment me-
thods in SimaPro under Methods. In the full version of SimaPro, you can edit these methods and add new ones.

Impact assessment

In this section you also can select another default method for your calculations. Click the method name, choose an
associated Normalization and Weighting set, and click Set as default.

2.3.10 Step 10: Inspect the interpretation section
The interpretation section is used as a checklist and a framework for your LCA report. The most important interpretation
issues according to ISO 14043 can be entered here. The section is filled with an example.
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3 Lesson 2a: Entering Production Processes

What you will learn Get hands-on experience with SimaPro by entering simple data, and building a simple

process network that describes the production of planks from a tree
Required entry level Lesson 1 should be done first
Recommended reading ‘Introduction to LCA with SimaPro’ chapters 2 and 3 are essential reading material

if you wish to understand the background of issues like allocation and system
boundary settings

Project needed Tutorial with wood example

Approximate time needed 45-60 minutes

3.1 Introduction

Assume you want to make an LCA of a simple wooden shed to be used in a private garden. The shed is made of just two
materials: wood and some steel, for the nails and other metal parts. There is no packaging. We also assume there is no
maintenance or paint, there are no windows, no doors and there is no heating or lighting. It is just a simple shed.

There are three basic parts in this modeling exercise:

1. Entering processes that describe the environmental impact of cutting a tree and sawing planks at a sawmill. For simplicity,
we have ignored the impact of cutting a forest which has an effect on the impact category biodiversity. For the steel used
in the shed, we shall use data that is already available.

2. Describing the end-of-life of the shed. In doing that, we will demonstrate some of the advanced features in modeling
waste scenarios, which are unique to SimaPro. In this example, we will use the assumption that 40% of the wood is burned
in open fireplaces at peoples’ homes and that 60% goes to a modern landfill.

3. Once we have developed the production and the end-of-life scenarios, we will develop the specification of the shed (the
assembly) and the life cycle.

While modeling, we will of course encounter some methodological issues. However, these will not be thoroughly analyzed
here. Please refer to the ‘Introduction to LCA with SimaPro” manual for further information. The data we have used for this
LCA is not the best or the most representative and is by no means complete. The purpose here is to learn about SimaPro
and not to provide you with accurate data.

14
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3.2 Preparation for data entry

If you have a registered version of SimaPro, please read section 3.2.1 and then go to section 3.2.3 after opening the example.
If you have a demo version of SimaPro, please start from section 3.2.2.

3.2.1 Starting a registered version of SimaPro
Upon start-up, SimaPro will prompt you to open a project. Select the Tutorial with wood example from the list, and click Open.

3.2.2 Starting from the SimaPro demo version

As long as you have not entered the license code provided by PRé, SimaPro will run in demo mode. In this mode, you can still
run this example. SimaPro allows you to save processes 16 times. The example requires you to save 9 processes. From lesson
3 onwards, you will need about 5 saves. You will still have 2 spare “saves” to correct errors or to perform a sensitivity analysis.
After 16 saves you will still be able to run the demo and view the results but you cannot make changes.

Reinstalling the demo will not reset the counter.

When you start the demo, it will ask you to register or run in demo mode. Choose the demo mode. Next, SimaPro will ask
you which version of SimaPro to use. Choose Analyst. After that, go to the File menu on top of the screen and select Open
project, select the Tutorial with wood example project from the list and click Open.

3.2.3 Starting the wood example project

SimaPro organizes all the data you enter into ‘projects’. This is useful if you run more than one LCA project, as you can keep
data of each project separate. Each project has 4 different sections (see the menu on the left side of your screen) as seen
in the LCA explorer:

1. Goal and scope: here you describe the purpose of the project.

2. Inventory: here you enter and edit your data.

3. Impact assessment: here you can edit, enter, select impact assessment methods and save calculation setups.

4. Wizards: Here you run the wizards, which are basically guidelines for less experienced users (please note that wizards are
not available in SimaPro Direct). The step-by-step menu of the LCA Wizard and the Guided tour with coffee are examples
of Wizards. In the SimaPro Developer version, you can create your own Wizards.

In the demo, we have predefined all the projects you need; you cannot create your own projects.

3.2.4 Goal and scope

The initial stage in LCA is to go through the Goal and scope definition, namely define all practical details related to the
project. It might seem a short and easy step. However, it is highly important, since aspects defined in this step appear in all
stages of the LCA and are relevant to the product life cycle. In this example, in order to focus on entering data and building
up new processes in SimaPro, we have defined these parameters in advance. Therefore they are already filled in. Please take
some time to read the Goal and Scope.

Description

In this section, you find information on the goal and the most important choices. The text fields refer to the obligatory issues
you need to describe according to 1ISO 14041. You can cut and paste these texts to your word processor if required. You may
use the arrow keys to run through the description menu.

Libraries

In this section, you can define which libraries you want to use for this project. Libraries are special types of projects. They
are intended to be used as resources that you can use in all your projects and they are not meant to be edited. In case you
need to edit an item that is in a library, you can copy the item to your project by selecting the process and pressing the copy
button. After that, you can edit and rename the item. This way you keep your libraries untouched for other projects. In this
project, we only need the data that is stored in this project and the Methods library.
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Keep the library selection as it is. If you select additional libraries, or deselect the Methods library, you will run into difficulties
in the next chapter. At a later stage, it might be necessary to select additional libraries. We will explain how you can change
libraries later on in this manual.

In the next chapter, we will describe how you enter data in the Inventory section of SimaPro. For now we will focus on the
production of planks from wood, needed for the shed. For the steel data we use existing data in the SimaPro database.

3.3 Entering process 1: felling the tree

The first process describes the felling of the tree. Before we can enter the data, we will have to collect the data. In this
example, we will provide you the following data:

- About 1.25 tons of wood is felled to produce a tree trunk of 1 ton, the rest (branches and tops) is left in the forest.
We assume these do not cause emissions, as they are part of the natural processes in the forest. In a full LCA, this
assumption should of course be better analyzed.

- We use a chainsaw for felling the trees. The chainsaw data provided in the example is specified as impact per hour.
In this example, we use a production rate of 25 tons of wood per hour. This means that for 1.25 tons, we need 3 minutes
of chainsaw use.

Now create the process, as follows:

1. Click Processes in the LCA Explorer window.

2. Click the category Wood.

3. Click New; a new and empty process record will appear.

Step 2: Select Wood Step 3: Click New

Step 1: Select Processes

3105 Bl [ / AN E i
Wizards - Processes Narye [unit  [waste type I\
Wizards [=1- Material Mew |
Product Systems - Agricultural
Develop wizards - Ceramics
Wizard variables - Chemicals
[#- Construction View
— - Electronics
Dermm B Fuels Copy |
nventory | Bt Shace |
B Input Qutput Delete
B Metals
[ Minerals Used by |
(- Others
g E;ﬁ:ﬂ & [~ Show as list
B2 Texti
Methods - Wabér
Caloulation setups El- Wéod
Interpretation -- Byproducts
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Figure 4: Creating your first new and empty process sheet
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3.3.1 Entering process outputs (products)
Figure 5 shows the top section of the process record that appears. At the top you find four tabs, giving access to the four
different parts of the process record. Click the tab Input/output.

Follow the four steps shown in the figure below:

1. Double-click the white field under the Known outputs to technosphere. Products and co-products; a new line will appear.

2. In the Name field, enter the text “Felled tree”. Jump to the next field by using the tab key.

3. Enter the number 1 under Amount.

4. Double-click the Unit field and choose ton by using the drop-down option. SimaPro can convert units, so it understands
that you now have just entered an output of 1 ton of felled trees. It is also possible to use cubic meters, in that case you
should first change the quantity from mass to volume.

In the next chapter, we will explain the percentage under Allocation and the Waste type. For now, you can ignore these.

Step 1: Click the grey field Step 2: Enter output Step 3: Select unit
to add new line amount

put |Pararnebrs System description

|

Known outputs to sphere. Products and co-products
Name t Unit Quantity Allocation
|Felled tree | i ka " | Mass [100 %

! (Insert line here) kg -
Kniown outputs to technosphere. Avoided products
Name Amount kton Distribution SD~20r 2

(Insert line here) Mtn =
| Inputs _|** ‘E
i

Known inputs from nature (resources) tn.sh L -
L L J Lo = ¢

Figure 5: Entering the process output

The next product-input line “Known outputs to technosphere - avoided products” can be ignored, as there are no such products
(see also section 4.2, where this option will be used in the landfill process).

3.3.2 Entering inputs

This section describes the inputs to the process (see figure 6 below). Here you enter data about the amount of wood to be

extracted from the forest. Note that there are three lines in the record where you can specify inputs:

1. Known inputs from nature (resources). Here you can list the resources that are directly taken from natural resources. In
this case, the wood that is extracted from the forest. In a process that describes mining, the ore or metal input would be
described here. All data you enter here will be included in the inventory result table.

2. Known inputs from technosphere (materials and fuels). Here you enter inputs that come from other industrial processes
and not from nature.

3. Known inputs from technosphere (electricity and heat). This field has the same purpose as in 2.



¢y SimaPro

3.3.3 Input from nature resources

The sequence below is generally used in all fields (except for the output fields).

1. Click the grey box (insert line here) under Known inputs from nature (resources) to select it.

2. Double-click the blue field. A list of predefined resources is presented.

3. Search for wood by scrolling down the list (as it is in alphabetical order), or by typing “wood’- SimaPro will immediately
search for the closest match.

4. When you find “Wood, unspecified, standing/kg”, click Select (or double-click).

5. Enter the amount as 1.25 tons (or 1250 kg).

3.3.4 Inputs from technosphere (materials/fuels)

The chainsaw needed to cut the tree has already been predefined in the project. We can enter this as an input from the
technosphere (see figure 7). This means that the chainsaw process is linked to the process we are creating. This has the
benefit that all emissions and resources needed to operate the chainsaw are in that specific record and we do not have to
(re)enter all emissions in the record.

Step 1: Click the grey field Step 2: Double-click

Step 3: Select Wood by

Step 4: Click Select

to create a new line

7 ‘-’
Do

typing w and o

B

ew material process

‘:Jm descripﬁ., Select a raw material

mentation  Inputfoutput | Parameters I Sys M
:r; er1 outputs to technosphere. Products and co-products Name 7Tt~ |Sub—compartment
|F "‘fd . Wood, hard, standing m3 (unspecified) Select
= = == ) Wood, primary forest, standing m3 in ground
C Ere. Wood, soft, INW, standing m3 in air New
Knaown outputs to technosphere. Avoided products Wood, saft, NESNC, standing m3 in water
Nami " . Eind |
Wood, soft, standing m3 biotic i
(Insert line here]
) Wood, soft, US PNW, standing/m3 m3 land = |
| ‘ Wood, soft, US SE, standing/m3| m3 ance |

=
el

Knaown inputs from nature (resources) Wood, unspedified, standing/m3  m3

MName

¥enaon kg
ine here! ‘Ytterbium kg D
{Insert ) Ytriom kg T
Known inputs from technosphere (materials/fuels) ] |:| 3 ] |:| 3
Name
(Insert line here) e
Knawn inputs from technosphere (electricity heat) o = and " or I
Name I
(Inzert line here)
< | m +

Figure €: Entering the process inputs
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Figure 7: Entering inputs from other processes; in this case the chainsaw

Now we will add the chainsaw by repeating the basic procedure. Double-click the last of the three input fields (electricity and
heat). Instead of a list of predefined resources, you get a list of available process outputs. The chainsaw process has been
defined in the Processing section under Wood. Note that it is located in the Processing section, not the Material section,
which also contains a Wood folder. You can of course also use the Find button to locate this process. This can always be
used in case you don't know where to find a certain process.

When you have found the chain sawing process, select it by single clicking it. Then click Select at the top right corner of the
window.

The process is specified with time (hours) as a unit. We need to input the average time to fell 1.25 tons of a tree. The wood
company estimates that this is on average 3 minutes (0.05 hours). Again, you can use the unit conversion and enter 3
minutes.

3.3.5 Entering emissions and other outputs

The lower part of the window is used to specify emissions and wastes. There are eight different sections:

1. Emissions to air

2. Emissions to water

3. Emissions to soil (usually to express leaching)

4. Final waste flows, or wastes in solid form, especially intended to monitor the volume or mass of waste (any leaches and
emissions from the wastes should be specified in the other categories)

5. Non material emissions, like radiation, noise, etc.

6. Social issues

7. Economic issues

8. Waste and emissions sent to treatment
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In the last section you can specify the emissions and wastes that are treated in some form of waste treatment or, for
instance, flue gas purification. You can describe precisely how production wastes are handled.

In this example, we will only specify the final waste flow from branches that remain in the forest. The emissions from the
chainsaw are already specified in the chainsaw record and should not be specified again as this would result in double
counting.

The procedure to specify the waste is the same as in the case of the resources. It is illustrated with the 3 steps in the figure
8.250 kg of wood is left in the forest as “‘wood waste”.

Step 1: Double-click Step 2: Select Wood Step 3: Specify amount

waste and click Select

‘-’ New material process
Documentation  Inputjoutbut | parameters | System

Emissions to air
Name

Emissions to water
Name.

Emizsions to soil
Name

Final waste flows
Name Unit Distribution SD"2or 2

U |Undefined

e .m ] ;

Figure 8: Entering an environmental impact, in this case a final waste flow
3.3.6 Quick feedback, inspect the tree or network

Now that we have entered the data, we can click the network button &, and then Calculate to get a first look at the network
we have created. You are now in the Network mode. Click the next tab to switch to Tree mode.
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Figure 9: Inspecting the result of your modeling; the felled tree is linked to the chainsaw, and the chainsaw appears to be linked
to fuel input

As you can see the top process Felled tree gets an input from the Chain sawing process we have entered. The Chain sawing
process has an input for the fuel production and for the production of lubricants. As you can see by entering links between
processes, you can build up complete trees. You can also play around using the zooming options and other features. We will
not discuss all the features of this window, but nonetheless we will mention a few. The small bars in the processes and line
thickness display the contribution to the environmental load. When you click the Show flows in line thickness button indicated
in figure 9 you can see the load of a process by the thickness of its line. How this load is calculated depends on the impact
assessment method that is currently selected and on which level the method is used. In this figure, the total (weighted) Re-
CiPe Endpoint score is used. You can also select alternatives, like using the Climate change impact category indicator result.
You can experiment with these settings as much as you want. If you have selected another impact assessment method that
does not have a single score, SimaPro will choose one of the impact categories to be displayed. You can return to the process
sheet by closing the window with the network.

3.3.7 Documenting a process

Now use the Documentation tab, located beside the Input/output tab of the Felled tree process. If you cannot see this screen,
go to Window in the menu and select Previous to go back to the process record. In the Documentation tab, you can specify
all types of characteristics of this process record.
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Figure 10 provides an example of how such documentation for this specific record could be entered. Please note the

following characteristics:

- The name of the process is not the name that you will find in the list with processes. SimaPro uses the outputs as you
specified on the Input/output tab as a label. In fact, the name of the process is only there for your own reference.

- Under the image there are fields you can use to characterize the record. In the figure below, the appropriate settings have been entered.

- The comment field in the bottom will also be shown in the listing of the processes in the explorer. It is useful to add some
characteristics that help you to understand the contents of the record.

Infrastructure process
Date 5-9-2012

Record

Generator

Authors of the tutorial

Your name

1) Edit material process 'Felled tree’ E=5Eol =5
Documentation |InDut.|'outDut| Parameters I System description I
-
Project Tutorial with wood example Category Material i
Created on 5-9-2012 Last update on 5-9-2012
Process type Unit process | Processidentifier employee03445100001
Name Tree feling
Status Finished |
Image
Time period 1995-1999
Geography Europe, Western
Technology Average technology
Representativenzss Average from a spedific process
Multiple output dlocation Mot apolicable
Substitution allocation Mot applicable
Cut-off rules Less than 5% (environmental relevance) 3
System boundary Second order (material/energy flows induding operations)
Boundary with nature Agricultural production is part of natural systems

General reference and sources
Literature reference

(Insert line here)

Comment

Collection method Taken from literature

Data treatment Simplifizations made for didzctic purposes
Allocation rules Mot applicable
Verification Mot done

Comment Very much simplified process describing feling of a tree. The assumption is that the correct management is sustainable,

according to FSC guidelines, Do not use in other projects.

4

4 i 3

Figure 10: Documentation of the Felled tree process

System description

The fourth tab on the top of the process record is called System description. In this example, it is not used and it is not
needed. System models are used when a process record does not describe a single “Unit process’, but a combination
of Unit processes, a so-called “system’”. For example, the steel processes in the ecoinvent library describe the complete
steel production process in a single record, while in fact the steel production process contains many unit processes.
By presenting this data, much of the transparency within the processes is lost.

System description provides background information about the way the system model was built. We suggest you
inspect some of these system descriptions in the ecoinvent library (or others).
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Parameters

The third tab is the parameter tab. In chapter 7 we will explain how you can use parameters in your modeling. You

do not need this tab right now. Please note that this feature is not available in the Compact, Classroom and Faculty
licenses of SimaPro.

Saving data
Click the button with the small diskette symbol in the toolbar to save the data you have entered. You can now close the
process record window and go back to the process index. You can see that the Felled tree process is now stored under Wood.

Important message for users of the SimaPro demo version:

In this example, you will need to create and store new processes and product stages. After installing a demo version, you
can only save 16 changes. After this, the demo can still be used to view results, but there is no way to add or edit data in
the databases.

3.4 Process 2 — Sawmill (‘planks’)

Our next objective is to define the sawmill process, where logs are turned into planks, bark and sawdust. In order to do this,
we have to create a new process. This is done in the same way as described above. While in the category Materials, Wood,
Click New; an empty process record will appear.

This process will convert the felled trees into three products:
1. Planks, 50% of the output

2. Sawdust, 40% of the output

3. Bark, 10% of the output

The remaining wood (250 kg) is used within the sawmill process to dry the wood. This drying process will result in some
emissions to air. Furthermore, we will enter the transport needed between the place of felling and the sawmill. As in the case
of the chainsaw, we will link to an existing process describing the environmental load of a truck. Finally, we will enter the
electricity used in the sawmill, also using a predefined process record describing the electricity production.

3.4.1 Describing the three outputs, waste types and allocation percentages

The fact that the sawmill has three outputs creates an allocation problem. The environmental load of the felling, the trans-
port and the sawmill itself must be allocated over three different outputs: planks, sawdust and bark. In this example, we use
mass as an allocation basis. This means that 50% of the environmental load will be allocated to the planks, 40% will be
allocated to the sawdust and 10% to the bark.

An alternative solution would be to use the economic revenue of the three products as an allocation basis. The wood

generates about 80% of the revenue, with the sawdust generating about 20%, while the bark creates no value. Accordingly,
the allocation percentages would be 80% for the planks and 20% for the sawdust.
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Figure 11: The three outputs of the sawmill, and the input of felled trees

Go to the Input/output tab, then:

1. Create three lines under Known outputs, by clicking two times on the Insert line here field.

2. Type in the names of the three outputs.

3. Enter the allocation percentages; in figure 11 above this is done according to mass allocation.

4. Click under the Waste type column and select Wood. (The purpose of this step is further explained in the next text box.)

5. Click under Known inputs from technosphere (materials/fuels). A selection box will appear where you can select the Felled
tree process. If you cannot see it there, use the Find function. To produce 1 ton of products (planks, sawdust and bark) and
to have enough wood to burn wood for process energy (250 kg), we need an input of 1.25 tons of felled tree.

Please note that we do not fill in anything under resources. The extraction of wood from the forest is already taken into
account in the felling tree process, and should not be repeated (it would result in a double count). In this sawmill process,
we put in 1.25 ton of felled tree, while the felling of the tree was defined for one ton. SimaPro will automatically multiply all
inputs by 1.25, so you do not need to pay attention to this.
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The use of waste types

In step 4 you were instructed to set the waste type to wood. A waste type can be seen as a label that is added to a
material output. As we will see later, these labels are used in the post-consumption waste scenarios, helping SimaPro
recognize which emissions are to be allocated to a material that is incinerated or land filled.

The idea behind this concept is that, in principle, all woods have more or less similar emissions in the waste phase.
Similarly, all steels will have similar impacts. By using a standard waste type label, we avoid the task of making specific
waste scenarios for every material that is added to the database. As we will explain, you do not have to use the waste
types if you consider them too coarse. You can indeed also develop a waste scenario for a specific material.

Waste types do not always have to be specified. Only materials that are specified in the description of the assembly or
subassembly need to have a waste type. The felled trees do not need a waste type, as the consumer will not dispose
of felled trees but of planks and perhaps sawdust or bark.

Another example is when a consumer disposes of a plastic bag. SimaPro needs to know that this plastic belongs to the
waste type plastic, or, more specific, to polyethylene. SimaPro does not have to take into account that this material
was oil before it was turned into plastic. The oil that went into the plastic does not need a waste type. If in doubt,
always try to specify a waste type, it will never harm.

SimaPro checks with each calculation if materials that are used in assemblies indeed have a waste type.

3.4.2 Adding electricity, transport and emissions
Energy and transport are added in the same way as the Felled tree. We assume a transport distance of 200 km between the
forest and the sawmill. For transport we assume that a 16-32 ton lorry is used.

Step 3: Select lorry 16-32

Step 1: Double-click Step 2: Expand Transport,

metric ton, EURO4

then Road and select
Market

‘-) Edit material process ‘Planks’ EI@
Documentation  Input/foutput | rameters I System description
MName Unit Quantity Allocation ¥ Wasie type Category s
Planks I kg Mass 50 % Wnﬂ¥ ‘Wood
Sawdust I kg Mass 40 % Wnﬂt‘ ‘Wood
Bark

{Insert line here)

Known outputs to technosphere. Avoided products
Name

\ /

Known inputs from natyfe (resources)
Name

(Insert line here)

(Insert line here)
Known inputs from nosphere (materialsfuels)
MName
Felled tree I

Transport, freight, lorry 16-32 metric ton, EUROS {GLO} thm
Transport, freight, lorry 28 metric ton, vegetable oil metl tkm =
Transport, freight, lorry 3.5-7.5 metric ton, EURO3 {6LC thm —I*'"
T b Emicbd lavens 3 T E mmdvic b E1INAA O F o
<l 3 Cancel |
(- Market
(- Transformation .. Filter on @ and { or [~ show as list

| 1item selected

({Insert line here)

Known inputs fronf technosphere (glectricity/heat)
Name

Figure 12: Entering the transport data
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The transport process is expressed in ton-kilometers (tkm). One ton-kilometer means the transport of one ton over 1 kilo-
meter, or 1 kg over 1000 km, or any other combination that has the same product of distance and weight. In this case 1.25
tons are transported over 200 km, so you should enter 250 tkm as quantity.

Electricity can be entered in the same way. We assume the processing of the tree occurs in the Netherlands, so we take
the Dutch electricity record. You can find this record in the category Energy, under Electricity country mix, Medium Voltage,
Market. Different data sources estimate the sawing energy at about 150 kWh per ton output, so you can specify 150 kWh.

As explained, the emissions from transport and electricity are already in the process records you made the links to. However,
the emissions for burning of 250 kg wood for drying in the sawmill itself must still be added.

Please enter the following emissions to air:
- 450 kg Carbon dioxide

- 2.9 kg Carbon monoxide

- 500 g Nitrogen dioxide

- 540 g Particulates, <10 pm

- 100 g Sulfur dioxide

The resulting record should look like the figure below (top of the record is not shown)

Documentation  Input/output |Parameters | System description I

Name Amount Unit Distribution SDA2or 2°50 Min .

Felled tree 1,25 ton Undefined

(Insert line here)

Known inputs from technosphere (electricity/heat)

Name Amount Unit. Distribution SD~2or 2*5D Min Max
|Trar|sport, freight, lorry 16-32 metric ton, EURO4 {GLO}| market for | Alloc Def, 5 |250 |Hcm |Undeﬁned ‘ ‘ ‘
|E1&ctricity, medium voltage {NL} | market for | Alloc Def, 5 |150 |kWh |Undeﬁned ‘ ‘ ‘

(Insert line here) B

[ Outputs

Emissions to air =
Mame Sub-compartment Amount Unit Distribution SD~2or 2*SD Min Max
Carbon dioxide, biogenic 450 kg Undefined

Carbon monoxide, biogenic 2,5 kg Undefined

Nitrogen dioxide 500 g Undefined

Particulates, < 10 um 540 [} Undefined

Sulfur dioxide 100 g v| Undefined

Grostine )
Emissions to water kg
Name Sub-compartment Amount ton __Distribution 5D~20r 25D Min Max
{Insert line here) kton

[ Min E S
4 ] oz 3

Figure 13: Entering the emissions from the combustion of some of the wood residues for drying

3.4.3 Inspecting the tree

Like in the previous record, we can now quickly inspect the tree, by clicking the 6?3 button. The following window will appear,
after a message that not all processes are displayed.

SimaPro automatically calculates a cut-off to suppress processes that contribute little to the overall result. Typically, only
12 processes are shown. You can change this in the Options setting in the Tools menu. To determine the relevance, it uses
the impact assessment method that you have selected. Processes contributing less than the specified percentage are not

shown. If you change the view, for example from Single score to Characterization results of carcinogenics, the cut-off value
is applied on the specified results.

Of course, the cut-off only affects the display, not the results. Please feel free to experiment with the cut-off setting.
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Figure 14: Inspecting the result of your modeling after entering the chainsaw process
The top process is the Planks process. In fact, SimaPro could have taken one of the other names (sawdust or bark), but as a
default for non saved processes it takes the first product you specify. Below the Planks, you see the Felled tree, the transport

and the electricity.

Note: depending on the zoom level and the resolution of your monitor, you may not be able to see the full name of the
processes. You can adjust the font size by right-clicking on one of the boxes and selecting Font Size.
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3.4.4 Documentation
You can complete the record by entering the documentation, as seen in figure 15.

Documentation |InDut.|foutDut| Parameters I System description I

Project Tutorial with wood example Category Material [Tl
Created on 592012 Last updatz on 7-9-2012

Process type Unit process | Processidentifier employes05445100003
Mame ill

Status Finished

Image

Time period [2000-2004

Geography Europe, Western

Technology Average technology

Representalivencss Average from processes with similar outputs

Multiple output allocation Physical causality

Substitution allocation Not applicable E
Cut-off rules Less than 5% (znvironmental relevance)

System boundary Second order {material/energy fows induding operations)

Boundary with nature Mot applicable

Infrastructure process
Date 5-9-2012

Record Authors of the tutorial
Generator |Your name

General reference and sources

Literature reference Comment
(Insert line here)

Collection method Taken from literature

Data treatment Simplifications made for didactic purposes

Allocation rues Mass allocation has been used to allocate the environmental load over planks, sawdust and bark

Verification Mot done

Comment Production of planks, sawdust and bark from felled trees. Example for didactic purposes only; do notuse in other projects. I
i

< T | [3

Figure 15: Entering the documentation of the chainsaw process

Now you can save and close this record. You will note that the number of processes under Wood has now become 4, as all
three outputs appear as separate materials, while in fact they refer to the same process.
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4 Lesson 2b: Entering Waste Treatment and
Waste Scenarios

What you will learn How to develop a waste scenario and the associated waste treatments. Often SimaPro

users select one of the predefined waste scenarios without really knowing how these

work. In this lesson you get a much better understanding of these features.
Required entry level Lesson 2a should be completed first
Recommended reading ‘Introduction to LCA with SimaPro’. Section 8.5 gives a background on how waste and

disposal scenarios are developed. It is recommended, but not essential, to read this
section first.

Project needed Tutorial with wood example

Approximate time needed 60-90 minutes.

4.1 Introduction

In lesson 2a you created the model for the production of wooden planks. We will now examine the end-of-life stage and
start to develop a waste scenario. For many commonly used materials, SimaPro provides standard data. For this tutorial it
is useful to develop your own simplified scenario for post-consumption waste. Although we have not defined the shed itself,
it will only contain two materials:

1. The planks we have defined in the previous chapter.

2. Steel parts like nails, screws and other metal construction parts.

This means that the waste model should at least contain data on the end-of-life stages of wood and steel.

This tutorial does not aim to be sophisticated, yet complex enough to show the main features. The characteristics of the

scenario are as follows:

- 40% of the wood is burned in open fires at people’s homes. In this case, we assume a zero contribution to room heating.
As such, open fires are inefficient and in fact cause large energy losses due to the uncontrolled ventilation through the
chimneys. Of course, in a real LCA this issue deserves further attention.

- 60% of the wood is dumped in a modern landfill. Again for simplicity, we assume that this landfill has a collection system
for methane and that 31% of the emitted methane is used as fuel.

Describing the waste scenarios
When we analyze this scenario, we will see that we need to split the waste in different routes. The first split is between
40% burning in open fires, and 60% landfills.

A second split is between the wood and the nails. Although we cannot assume that the consumer will indeed take out
the nail, for our modeling purpose it is useful, as steel behaves differently than wood when it is burned. As we explained

above, we will use the so-called waste types to make this split. In landfill a similar split should be made, but for now
we will ignore this.

SimaPro has a powerful tool to model such splits, the waste scenario. The waste scenario can be used as a generic
splitter, and a waste type specific splitter (wood and nails). However, before we model these, we should also discuss
how we model the emissions from the waste.
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Describing the impacts of waste treatments

Waste scenarios only describe where the waste flows go, and not the emissions that come from the waste treatment.
To describe these, SimaPro has another type of process under the Inventory> Processes section: Waste treatment. A
waste treatment record contains data on the emissions from, for instance, a waste incinerator or a landfill.

For this example we need the waste treatments:

1. A waste treatment that describes the emissions from the open fire when the wood is burned

2. A waste treatment that describes the emissions from the open fire when steel nails are burned (if any)
3. A waste treatment that describes the emissions from the landfill

The positive impacts of some waste treatments

Wood in a landfill will slowly decompose and form methane and carbon dioxide in the first 150 years. About 20%
will not decompose and will remain in the landfill as a stable material. The methane part can form a potentially high
impact on global warming, as the release of 1 kg contributes over 20 times as much to climate change as the release
of 1 kg carbon dioxide. For this reason landfills are being equipped with a methane collection system.

In this example, we assume that most of the methane that is formed in the landfill is collected and used as fuel, or
simply burned, as it is better to have an emission of carbon dioxide than methane. By using the methane as fuel, we
may assume less natural gas needs to be produced.

To model the useful application of waste or by-products, SimaPro has an “avoided products” option. If you enter
a certain amount of natural gas here, SimaPro will subtract the emissions and resource use associated with the
production of natural gas. In ISO terms, this principle is referred to as expansion of system boundaries (see chapter 2
of the ‘Introduction to LCA with SimaPro’ manual for a more elaborate explanation).
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4.2 Waste treatment record for Landfill

Waste treatment records can be found at the bottom of the Inventory> Processes section. The way to create them and enter
the data is quite similar to creating Material processes.

Please enter the data as presented in figure 16, in which a step-by-step procedure is given.

Step 1: Select Landfill Step 2: A new waste treatment [l Step 3: Select Wood
under Waste treatment, process will appear. Type a and click Waste type

Transformation and click name and double-click under (do not use Select)
New Default material/ waste type; a
selection window will appear

1 LCA Explorer | \ EE=
Wizards =- [rocesses |Name \ \ £ |Un\t ‘Prg’gct
Wizards +- Material «
H MNew waste treatmeny process
Product Systems |- Energy -, B
Develop wizards ¥ Transport Documentation  Inputfouthut |Paramehers I Systeq description I
Wizard variables - Processing \
Goal and scope - Use | \
[e— - Waste scenario
e - Waste specification
-
Y |Landﬁ|| of wooden shed v

Known outputs to technosphere. Avoided products
ransformation Name

- Biowaste (Insert line here)
- Construction wast r N
[ Electronics waste |— ‘A"Sel'ect a waste type or material process
Methods - Impoundment Known ing | Name + |Mame i
Calaulation setups Bl Incineration MName Plastics Eucalyptus ssp., CO2-removal and land L
- Landfarming PP Eucalyptus ssp., CO2-removal and land .
Interpretation Landfil Known ing |PS Cork, raw {RoW} cork forestry | Alloc Dn TEEEE |
Document Links : I”E'_t material Mame FUR Cork, raw {RER}| cork forestry | Alloc De
-Reqdual mate PVC Cork, raw {GLO}| market for | Alloc Def, g |
Literature references ~Sanitary landf Knownind |PVDC Bark 3
Substances - Nudear waste R A Rubber P T ——
Unit conversions ~Others Steel 2 D :
Units: - Power plant Texti b
Quantities - Recyding extle
- Transport waste Tin plate
=g -Underground depq | Emissions| |Tin Sheet
. Wastewater treat] MName Water
Wood
Emissions| (Zincs l;‘
Name . D T L
QR | K TS | Z
=

[T R a—

Figure 16: Entering the input to a waste treatment process, and specifying for which waste type this process is valid

1. Go to Waste treatment, Transformation under Processes, select the Landfill category. Click New on the right hand side to
create a new waste process.

2. Enter the name of the waste treatment ‘Landfill of wooden shed’. Please note that this is the name referring to the input
and not to the output of the process. In a waste treatment the input determines the use of the process. Enter 1 kg as the
amount.

3. Now double-click under Default material/waste type, to get another selection box. Here you define for which waste types
this process is valid. Select Wood from the list of already defined waste types. You will note that “our processes” plank,
sawdust and bark will appear in the right-hand window, indicating that these processes are defined with the waste type
Wood. Click Waste type to select the waste type wood. As the name of this field suggests, you can also choose to make
this waste type only valid for one particular material using the Select button. For example to select Planks only instead of
waste type Wood. You can do this later.
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Step 5: Select Natural gas,
from high pressure network

Step 4: Click under
Avoided products

(1-5 bar), at service station
{GLO}. Click Select and
enter 0.007 kg as amount

e ==

‘-‘) Mew waste treatment process
Documentation  Inputfoutput |Parameber I System description

| /

/ \
/ Products \

Waste specification
MName Default material [ yfaste type  Amount Unit Quantity Category
|Landﬁ|| of wooden shed Wood |Mass |Lar|dﬁ||

m

Known outputs to techno:
Mame

) Select a product

[=l- Processes

J U -

MName
Matural gas, from high pressure network (1-5 bar), at sarvice k_

Matural gas, from low pressure network (<0.1 bar), at service kg

:r;:nv:n EpnSfa s Matural gas, from medium pressure network (0.1-1 bar), at se kg New
o Matural gas, high pressure {AT}| market for | Alloc Def, 5 m.
: = o Matural gas, high pressure {BE}| market for | Alloc Def, 5 m. L= |
:r;:nv;n inputs from technosph Matural gas, high pressure {CH}| market for | Alloc Def, 5 m. =
Matural gas, high pressure {CZ}| market for | Alloc Def, 5 m: 4'_”1
Matural gas, high pressure {DE}| market for | Alloc Def, 5 m.
i Cancel |
:r;:nv;n inputs from technosph Matural gas, high pressure {DK}| market for | Alloc Def, 5 m.
Matural gas, high pressure {ES}| market for | Alloc Def, 5 m: [~ Show aslist
Matural gas, high pressure {FI}| market for | Alloc Def, 5 m v
4 3
i —
:missions to air " Filter on I @ and " or I Clear | 28
ame
= | 10173 items | Litem selected 4

Figure 17: Entering data on the avoided products

- Step 4: Click under Known outputs to technosphere, avoided products. A selection box will appear.

- Step 5: We assume that the use of methane means less natural gas needs to be produced elsewhere. Thus, select Natural
gas, from high pressure network (1-5 bar), at service station {GLO} | market for | Alloc Def, S from Materials/Fuels/Natural
Gas/Market. We also assume that 0.007 kg methane is used for energy production.

32



SimaPro Tutorial

Step 6: Enter transport
between the municipal

Step 7: Enter remaining
methane leakages and
the total CO, emissions

waste collection point and
landfill (20 km)

\ Infuts
Known inputs from nature (resources)
Mame Sub-compartmepit Amount Unit Distribution sD~2or 24
(Insert line here)
Known inputs from technosphere (materials/fuels)
Name Amount Unit Distribution
Transport, freight, lorry 16-32 metric ton, EURO4 {GLO}| market for | Alloc Def, 5 N / 0,02 thm Undefined
(Insert line here)
Known inputs from technosphere (glectricity/heat)
MName Amount Unit Distribution SD~2or 2°
(Insert line here)
/ Outputs
Emissions to air
Name Sub-compartment Amount Unit Distribution sD~2or 27
Methane, biogenic 7 0,002 kg Undefined
Carbon dioxide, biogenic 0,5 kg Undefined
(Insert line here)

Emissions to water

Figure 18: Entering transport and some emissions

- Step 6: Enter under Known inputs from technosphere (materials/fuels) the transport for the distance between the municipal
waste collection center and the landfill Transport, freight, lorry 16-32 metric ton, EURO 4 {GLO}| market for | Alloc Def, S.
To transport 1 kg over 20 kilometers we need a transport amount of 0.007 ton x 20 km = 0.02 tkm.

- Step 7: Under Emissions to air, enter the emission of the methane that is not collected (0.002 kg) and the total carbon dioxide
emissions (0.5 kg).

You could also specify some remaining waste under final waste flows. We assume that all wood is decomposed, so there will
be no remaining waste in the long term. Some LCA practitioners also register the 1 kg of landfilled waste to quantify the
amount of waste. This way they can report on the short-term waste problem. The chaice is yours.

You can now document the record, using the documentation tab, (as previously described) and save it. There is now one new

topic: Waste treatment allocation. Here you can specify that we do indeed use full substitution (see figure 19). You can close
the process and check the tree or network again.
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Time period 2000-2004 |
Geography lEurope, Western I
Technology IAverage technology |
Representativeness lAverage from processes with similar outputs I
Waste treatment allocation IFuII substitution by distant proxy (different process) |
Cut-off rules INot applicable I
System boundary ISecond order (material/energy flows including operations) |
Boundary with nature [ Not appiicable |

Figure 19: The documentation for this waste treatment record

4.3 Modeling the impacts of the open fire

In case of the open fire, the waste treatment is a bit easier to enter. We assume no useful by-products that result in avoided
emissions. If a well-designed wood stove would replace the open fireplace, for example, we should then model the savings
on the central heating as an avoided product.

Go to Waste treatment/Transformation/Incineration and create a new waste treatment record. Please fill in the record for
the open fire as in the example below (figure 20). The airborne emissions come from the Dutch emission registry (not all
emissions are entered).

MName Default material / waste type  Amount Unit Quantity Category
|Oper1 fire fuelled by material from shed |Wood |1 |kg Mass Incineration

Known outputs to technosphere. Avoided products

Name Amount Unit Distribution 5D
(Insert line here)

| Inputs

Known inputs from nature (resources)

MName Sub-compartment Amount Unit Distribution fin g
{Insert line here)
Known inputs from technosphere (materialsfuels)
Name Amount Unit Distribution 502 Min Max Comm
(Insert line here)
Known inputs from technosphere (electricity fheat)
Name Amount Unit Distribution 5D
(Insert line here)
Outputs
Emissions to air
MName Sub-compartment Amount Unit Distribution SD2or
Carbon dioxide, biogenic 1,2 ka Undefined
Carbon monoxide, biogenic 50 a Undefined
MNMVOC, non-methane volatie organic compounds, unspecified origin 27,5 g Undefined
PAH, polycydic aromatic hydrocarbons 40 mg Undefined
Particulates, < 10 um 2,5 mg Undefined
Nitrogen dioxide 2 I_ vI Undefined
{Insert line here)

Figure 20: Entering the data for the open fireplace
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You can now also document this record, as we have done in the earlier processes. When you press the X to close this window
or press the escape key, SimaPro will ask you if you want to save this process; please do so.

4.4 Waste scenarios

Now that we have created the waste treatments, we continue and create the waste scenarios. These describe how much of
the waste goes to which treatment. We need three scenarios:

1. One for landfill

2. One for the open fire

3. One that splits up the waste between open fire and landfill

4.4.1 Waste scenario for landfill

In real life, the materials sent to landfill are not split. However for modeling purposes it is useful to use a waste scenario
as a ‘splitter’. This ensures wood is sent to the waste treatment for wood, while nails and other metal parts are sent to an
already predefined waste treatment for steel. These waste treatments each describe specific emissions for the treatment
of a specific material.

Under Processes, go to Waste scenarios and choose subcategory Landfill. Click New to get an empty waste scenario
record. Now we can fill in the data:

Step 1: enter the name of this scenario and the amount

Step 2: click under Materials and/or waste types separated from waste stream

Step 3: select the landfill waste treatment we just created

Step 4: select the waste type Wood and enter 100%

The data we just entered will be interpreted as follows: all materials with waste type Wood coming into this waste scenario
are sent to the waste treatment record Landfill of wooden shed.

Step 1: Enter name and Step 2: Click here
amount

Step 3: Go to
Waste treatment/

Step 4: Select waste
type ‘Wood’ and add
100%. This indicates all
wood goes to this waste

Transformation/Landfill
and select Landfill of

wooden shed treatment

‘ N ) Select a waste process
Incineration -
wiaste specification \ X - Lancfl yﬁdﬁu of nooden shed [[seea |
Name Amou Unit -~ Market
‘Landﬁll scenario for shed |l / |kg [#- Others
[El- Transformation
‘ / Biowaste

i Construgfion w
- Electydhics was
- Img@undment
) [+- JMAcineration

i Landfarming
(=) Landfill » [ Show aslist
Inert mate

Residualm

Known inputs from technosphere (materials/fuels) Fmd

MName

Cance\

Known inputs from technosphere (electricity
Name

\ /

‘ m — N Filter on nd ¢~ or Clear |
Materials andfor waste types separated/from waste stream ‘ 864 items | I%elemd / 4
Waste scenario/treatment Material / Waste type -
wood 7 [106 % [ |
(Insert line here)

Waste streams remaining after separation
Waste scenario/treatment Percentage Comment

({Insert line here)

Figure 21: Entering the name and one of the outputs of a waste scenario
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In the same way, we can now enter the destination of the metal parts. The following figure shows how you can enter the
rest of the data.

Step 5: Add a link to Scrap steel (waste treatment)
{CH}| treatment of scrap steel, inert material landfill,

Step 6: Specify waste Step 7: Add a link to
type and add 100% Unspecified; you can

Alloc Def, S; you can find this under Waste treatment/
Transformation/Landfill/Inert material landfill

find this under Waste
treatment/Others

Documentation Inputfoutput | Parameters | Bystem description I
I\ /
| Products I \ /
Waste spedfication
Mame Amount Unit Category omment
|Lar|dﬁ|| scenario for shed |1 |kg Landfil I |\ /
| Inputs | \ /
Known inputs from technosphere (materials fuels)
MName Ampunt Unit Distribution sDa2
(Inskrt line here)
Known inputs from technosphere (electricity/hegt)
Name o Unl Distribution SD~2or 2*5D Min
(Insert line here)
| outpd \
Materials and or waste types separated from wakte stream
Waste scenario/treatment Material / Whste type Percentage Comment
Landfill of wooden shed /ﬁ'ood I 100 %
Scrap steel (waste treatment) {CH} | treatment of scrap steel, inert material landfill | AJIp(D Steel 100 %%
(Insert line here)
Waste streams remaining after separation
Waste scenario/treatment Percentage Comment
Unspedfied 7 |100 5 All materials that do not belong to one of
the waste types go to Unspecified.
Please beware, this treatment does not
have any emissions, so normally you
should not see itin the tree or network,
{Insert line here)
< | m 3

Figure 22: Entering the other outputs of the waste scenario
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You can now enter the documentation of the process, as described earlier.
What has been realized now?

All materials with waste type Wood that enter this record are sent to the waste treatment Landfill of wooden shed.

All metals with waste types steel are sent to the landfill of steel waste treatment. All other materials are sent to the
waste treatment Unspecified.

4.4.2 Waste scenario for the open fire

Go to Waste scenario, select category Incineration and create a record as below. For the steel, we use predefined records.
Of course, these waste treatments are not representative of an open fire. However, as the amount of steel is low this is
acceptable. You can now enter the documentation of the process.

Documentation  Input/output IParamebers I System description I

| Products

Waste specification

Name Amount Unit Category Comment

|Open fire waste scenario for shed |1 |l<g Incineration

| Inputs

Known inputs from technosphere (materials/fuels)

Name Amount Unit Distribution SD*2¢
(Insert line here)

Known inputs from technosphere {electricity heat)

Name Amount Unit Distribution SD~Z2or 25D Min
{Insert line here)

[ Outputs

Materials and/or waste types separated from waste stream

‘Waste scenario/treatment Material / Waste type  Percentage Comment

|Dpen fire fuelled by material from shed |Wood |1C|[] %

|5crap steel (waste treatment) {CH}| treatment of scrap steel, municipal incineration | Alloc Def, 5 |Sbee| |100 % ‘

({Insert line here)

Waste streams remaining after separation

Waste scenarioftreatment Percentage Comment

|unspecified [100 %
(Insert line here)

<[ mn v

Figure 23: The waste scenario for the open fire

4.4.3 Waste scenario for splitting waste stream

Finally, we develop a waste scenario that splits the waste stream into two:
1. 40% is used in open fires

2.60% is sent to the landfill

This waste scenario can be made in the category Others. It is relatively easy to make. Just follow the steps in figure 24.
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Step 1: Enter name and
amount. 200 kg per trip.

Step 2: Add transport Step 3: Add the two waste
assuming the user will drive scenarios and percentages
10 km with a car to transport

200 kg to the municipal
waste collection point

Documentation Inputfoutput IPa ameters I System description I
| X
Waste spedification
MName Comment
|Waste scenario for shed \
Known inputs from technosphere {materials ffuels)
Name ount Unit Distribution SD~2 or 2%5DM
(Insert line here)
Known inputs from technosphere (electricity /heat)
Name Amount Unit Distribution 502 or 2*5DMin Max
|Transport, passenger car, EURO 4 {RER}| market for | Alloc Def, S I |1[J / |km |Undeﬁned I |
({Insert line here)
I / Outputs |
Materialz andjor waste types separated from waste stream
\Waste scenarioftreatment Material / Waste type Pgrcentage  Comment
Landfill scenario for shed All waste types Gb %
Open fire waste scenario for shed All waste types 4(1 %
( % Select a waste process
P
Waste streams remaining after se
) = Processes » |Name I -
Waste scenarioftreatment : X — - -
(Insert [=]- Waste scenario Municipal solid waste (waste scenario) {5E} | treatment of Select
- Househald Municipal solid waste (waste scenario) 15K} | treatment of
- Incineration Municipal solid waste (waste scenario) {TR}| treatment of Mew
- Landfill
- Municipal Open fire waste scenario for shed S
- Others
- Packaging waste 4 D b Eind |
- Recyding
- Waste England a Cancel |
- \Waste France il
- Waste Netherland: ™ [~ Show as list
N e — Filter on I & and i or I Clear
. | 864 items | 1item selected 4

Figure 24: Entering the waste scenario that splits the waste over landfill and open fireplaces

In step 2 we added the transport between the user and the municipal waste collection point. The mass specified in the top
line refers to the inputs of the waste flow, in this case the shed.

Please note that in step 3 of this scenario, we do not specify any waste types. We just added percentages to specify how
the waste is divided over the different treatments.

You can now enter the documentation of the process. Upon closing the record, SimaPro will warn you that nothing has
been specified for the remaining waste. In this case, you can ignore this, as all waste types are sent to their specific waste
scenarios which in themselves will take care of any remaining waste.

You cannot have an overview of the waste scenario with a tree. SimaPro doesn't yet know which materials will be in the
waste stream. We first have to define the life cycle and input to the waste stream. After defining the life cycle, we can see
the structure.
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5 Lesson 2¢: Entering a Complete Product
Life Cycle

Overview

What you will learn Using the process planks developed during lesson 2a and the waste scenario in
lesson 2b, we will now develop a complete life cycle of a simple wooden shed. Now
you will not work with processes, but with product stages, like assemblies and life
cycles.

Required entry level Lesson 2a and 2b should be completed first, although it is possible to skip 2b.
Instead you can use a standard waste scenario. In that case, the results will differ
from what you will see in this tutorial.

Recommended reading ‘Introduction to LCA with SimaPro’. Chapter 8 provides some background. It
is recommended, but not essential to read it. For the parameter example we
recommend reading chapter 10

Project needed Tutorial with wood example

Approximate time needed 45-60 minutes

5.1 Introduction

Now we have seen how process trees are built up in SimaPro. We created a process that describes the impacts of making
planks and prepared waste treatments and scenarios.

The next step is to describe the product and its life cycle. SimaPro uses a different type of record to describe products and
life cycles: Product stages. Product stages do not contain environmental information but refer to processes like the ones we
defined in chapter 3. In this tutorial we will use 2 out of 5 available product stages:

- The assembly is used to describe the shed

- The life cycle is used to describe the use phase of the shed and links to the waste scenario

The three other product stages are not explained here. They are useful if you want to define relatively complex disassembly
and reuse scenarios.

5.2 The assembly product stage

This models the assembly of the shed in a simplified way. The following steps show you how to enter the following data:

- The shed is made of 150 kg planks. There are no sawing losses, no packaging.

- About 2 kg of steel parts are used, representing screws, nails etc.

- The consumer picks up the wood with his or her private car, and drives on average, 5 km to and 5 km from the shop. We
disregard the possibility that other things are purchased on the same trip, which would require some form of allocation.

Figures 25 through 27 explain all 11 steps required to create the assembly.
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Step 1: Click Product Step 2: Select Others Step 3: Select New to get Step 4: Enter the name
stages under Assembly an empty assembly

| 0items |0 items selected

Figure 25: Creating an assembly and entering its name

In figure 26, we will link the assembly to the plank process. Please note that in step 5, where you click the field under
Materials/Assemblies, you can choose between entering materials and subassemblies. This shows that you can also create
subassemblies, which is useful for more complex designs. For instance, we could create a separate subassembly for a
window, door, or floor, each with different specifications.
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Step 5: Double-click under Step 6: Select Wood Step 7: Select Planks Step 8: Click Select

Materials/Assemblies under Materials

N assembly

Input/dutput |Parameters |

Name\

|5imp|e \'.hed

Image I nt

SD"2or 2'Min Max Copment

Distribution
Undefined

! Select A material process or an assembly
Processes v
{Insert line +{ Glass = |Mame
| Input Output Bark
- Metals Felled tree
H- Minerals New |
- Others Sawdust
- Paper + Board View
4 3 |
- Plastics D
- Textiles Production of planks, sawdust and bark from felled = Eind |
S Water trees. Example for didactic purposes only; do not 57
=+ Woad . Filteron | @ and " or L‘Ill
M Buvmends it
4 [ 5216 items [ 1item selected 7

Figure 26: Entering the link to the planks
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Step 9: Enter the amount Step 10: Enter the Step 11: Enter the

of planks amount of steel for nails
and metal parts

transport distance
between shop and user

Input/output | Parameters I

Name Imag& Comment
|Simple shed

Status Mone

Materials fAssemblies Amolgt Unit Distribution SD2 or 2*5DMin Max Comment
Flanks 150 N I kg Undefined
Steel, low-alloyed {GLO}| market for | Alloc Def, 5 2 1 kg / Undefined

(Insert line here)
Processes Amount it Distribution SD~2 or 2*5DMin Max Comment
Transport, passenger car, EURQ 4 {RER}| market for | Alloc [| 10 / |kn1 |Undeﬁned |

(Insert line here)

Figure 27: Finalizing the assembly
After step 11, you can save and close the assembly.

5.2.1 Inspecting the network

To get an overview of what you have just been modeling, we suggest you click the & button to show the network. SimaPro
will give you a warning that not all processes are shown. It calculates a cut-off level in such a way that only the 12 most im-
portant processes are displayed. The processes that contribute less than that level are not shown (although their contribution
counts in the result of course). You can still see the process Planks, but felling of the tree and the chainsaw are not visible. If
you adjust the cut-off, you can make these visible too.

In figure 28, the thickness of the line represents the environmental load of the flow according to the ReCiPe Endpoint score.
You can switch this function on or off, using the indicated button.
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This is the Planks
process you created;

Switch between
cumulative and

This time Network
is used

Show indicator in Adjust cut-off
line width

the felling of the tree | normal view

is below the cut-off

Networl | Tree | ImDactassessmentI Inventory | Process contribution I Setup I Chedié | Product overview I
Igﬂlsinglesmre ;”(Ptl\ I?%l@lml Iﬁllﬁl lb%/j’élz |-'; ﬂ@l@

O Assembly
O Life cyde Navigator (=]

O Disposal scenario
O Disassembly

O Reuse

O Material

O Energy

O Transport

O Processing

O Use

O Waste scenario
O Waste treatment

1p
Simple shed

5 nodes visible of 10

T2k [T1T]
Steel, low-alloyed

{GLO}| market for
‘ ‘ ‘ll ;‘!\lllloc Def, 5

0.852 Pt‘ ‘ ‘

m

[11137.5 thm|[[[] [TTTTT81 maf[TTT]

Transport, freight, Electricity, medium

lorry 16-32 metric | voltage {NL}] |

| | |t‘oln|,|EUR04 rlnlalrlth for | Alloc
26 Pt 1.45 Pt

Figure 28: Inspecting the result of your modeling. Note that not all processes are shown

5.2.2 The product life cycle
The product life cycle is created in the same way as an assembly. Only three steps are needed:

1. Under Product stages, Life cycles, Others, create a new life cycle and add a name to it.

2. Create a link to the assembly. A life cycle can only contain one assembly.
3. Create a link to the waste scenario. A life cycle can only contain one waste scenario or one disposal scenario.

43



SimaPro

Step 1: Type name Step 2: Click under de
Assembly and link to POSa
the assembly Simple and sele
shed; enter 1p (one enario fo
piece) as amount
€9 New life cycle ===
Inputfoutput |Parameters |
MName Image
|Life cydle of the shed 7 |
Status Mone
Assembly Ampdnt Unit Distribution 5D~2 or 2*5DMin Max
|5imp|e shed / ||:| |Undeﬁned
Processes Am ’Se‘h:d a disposal or waste scenario for assembly "Simple shed"
(s TEIEE) =-Products |Name
Waste Disposal scenario -- Disposal scenario DummyWasteScenario
d [=- Waste scenario h@mﬂ—
- Household Mew |
- Incineration
Additional life cydes - Landfill View
(nsertline here) Municipal
- Others Find |
-- Packaging waste
- Recyding Cancel |
- Waste England <[ +
- Waste France [~ Show as list
- Waste Netherlands T
- Waste Switzerland )
- Waste USA
Filter on I @ and
‘ [ 78 items [1item selected V.

Figure 29: Life cycle of the shed. Here the assembly is linked to the end-of-life phase

5.2.3 Inspecting the process structure
Now we can get a complete overview of the life cycle, and we can see the end-of-life scenario, by clicking the Tree or
Network button. Again not all processes are shown, but we can clearly see the assembly (blue), the life cycle (yellow), and

the waste scenario.
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Green indicates a small
positive effect (negative

Adjust cut-off to approx.
2.4%

impact) from the gas
collected at the landfill

Network | Tree I Impa assessrnentl Inventorvl Process mnmbuuonl etup | Checksl Product overview |
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Figure 30: Inspecting the results of your modeling; the life cycle overview

5.3 A parameterized shed

Instead of using fixed values for the dimensions of the shed, you can make use of parameters in SimaPro. In this section
we will demonstrate how this is done, and how you can use this feature to quickly analyze the impact of changing values.

Please note that this feature is not available in the Compact, Classroom and Faculty licenses of SimaPro.

In the assembly Simple shed defined in section 5.2, we simply added the total mass of wood needed. Of course the total
amount of wood depends on the dimensions of the shed. The table below lists the dimensions that the shed consists of.
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Dimension Value Unit (remark)

width 3 meter

length 2 meter

height 2 meter

roof_slope 0.5 slope expressed in radials (57.3 degrees = 1)
roof_overhang 02 meter (the roof is larger than the walls)
wall_thickness 0.0022 meter

sp_mass_wood 800 kg/m’

roof_thickness 0.003 meter

With these parameters, SimaPro can do a number of calculations. For example the wall surface can be calculated as twice
the front and back wall (2*height*width) plus the two side walls (2*height*length).

If the roof is sloped, we can also add the triangular parts just under the roof. The size depends on the roof angle, thus you
need to calculate the tan (roof angle) to get the surface of that area. The angle also determines the roof area, and for this
you need to know the cosine of the roof angle.

The table below gives an idea of the calculations SimaPro can do for you: it calculates the surface of the roof and the walls,
and it can calculate the volume and mass of the wood needed to build the shed.

Dimension Value Unit (remark)

roof_surface 2*(length + 2*roof_overhang) * the size depends on overhang, roof slope,
(2*roof_overhang + width/cos(roof_slope)) length and width

wall_surface 2*width*height + 2*length*height + the last part refers to the triangular part
2*width*tan(roof_slope)*width of front and back, under the roof

wood_volume wall_thickness*wall_surface + m’
roof thickness*roof surface

wood_mass wood_volume*sp_mass_wood kg

To enter this data and the formulas, please open assembly Simple Shed, and go to the Parameters tab. Here you can enter
the data and formulas as shown in figure 31.
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Equal sign and result are
added by SimaPro

Inputfoutput Parameters

Input parameters

MName Value Distribution 502 or 2*sDMin Hide Comment

width 3 Undefined r meter

length 2 Undefined I |meter

height 2 Undefined 7 |meter

roof_slope 0.5 Undefined [T |slope expressed in radials (57.3 degrees = 1)

roof_overhang 0.2 Undefined [ |meter

wall_thickness 0.0022 Undefined I |meter

sp_mass_wood 200 Undefined T |kg/m3

roof_thickness 0,003 Undefined I |meter

(Insert line here)

Calculated parameters

Mame Expression Comment

roof_surface 2%(length+2*roof_overhang)*(2*roof_overhang +width/cos(roof_slope)) =13.3 |the size depends on overhang, roof slope, length and width

wall_surface 2*width*height+2*ength*height+2*width*tan(roof_slope)*width = 29.8 the last partrefers to the triangular part of front and back, under t

wood_volume wall_thickness *wall_surface +roof_thickness*roof_surface = 0,121 m3

wood_mass wood_volume*sp_mass_wood = 96.5 kg

(Insert line here)

< m ¥
Mo IError / IAdditionaI info I

Figure 31: Parameters that describe the size of the shed, and a number of formulas that determine surface, volume and mass

Should you make a typing error, a message will be displayed at the bottom of the window. In the section Calculated para-
meters, you do not need to add the equal sign and the calculated result. SimaPro will do this for you when you press Enter.

Next, you can go to the Input/output tab of the assembly and update the data, as shown in figure 32. In this example, we

also added a steel plate roof. The surface of the roof is also parameterized, and will change with changes you make in the
dimensions. In a similar way, a layer of paint can be added to the assembly using the wall surface parameter.

47



¢y SimaPro

For clarity, the screws and other metal parts and the roof are modeled

separately. However, the two could be combined into one material.

Inputfoutput | Parameters |

Mame Image Comment
|Simple shed

Status Mone

Materials bli Amaunt Unit Distribution 5D Min Max Comment
Planks wood_mass = 96.5 kg
Steel, low-alloyed {GLO}] market for | Alloc Def, 5 2 kg Undefined screws and other metal parts
Steel, low-alloyed {GLO}] market for | Alloc Def, 5 roof_surface®1.4 = 25.7 kg roof
(Insert line here)
Processes Amount Unit Distribution 502 or 2*5DMin Max Comment
Transport, passenger car, EURO 4 {RER}| market for | Alloc[|10 km |Undeﬁned |
(Insert line here)

Figure 32: A more sophisticated assembly of a shed. The amounts of material are calculated using parameters. A roof is added.

Once these parameters are defined, you can easily determine:
1. the total amount of wood that will go into the shed
2. the amount of roofing material needed

The advantage of using the parameter feature is that by changing the value of just one or more parameter, you can analyze
different versions of the same product and find an optimal solution. In chapter 7, we will show you how to make comparisons
for alternative shed designs using parameters.

Further sophistication

In general, planks come in standard width and length size. If you design a wall with a length of 2 meter while a standard
length is 2.10, you lose 10 centimeters, or 5% of each plank. If you design a 1.90 meter wall you lose even more.

In SimaPro you can calculate how much you lose by taking the “modulo” of the designed wall length and the nearest
standard length. The modulo is the remainder after a division. For example, we have a plank of 70 cm and we need
pieces of 20 cm. We saw 3 pieces of 20 cm and have a remainder of 10 cm, the modulo is 10 cm. You can also do this
for the roof panels and the width of the planks. You can use this to model waste treatment of sawing losses.
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5.3.1 Operations and expressions
The table below gives an overview of the operations you can perform with parameters:

Symbol Explanation

# Add

= Subtract

* Multiply

/ Divide

A Power

Div Divide Int, returns only the integer part of a division
Mod Modulo (what remains after a division)
> Greater than

< Smaller than

= Equal

<> Unequal

>= Greater than or equal to

<= Smaller than or equal to

And Logical And

Or Logical Or

Xor Logical Xor

NOT Logical Not
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You can also use the following mathematical and logic functions:

Symbol Explanation

SQR Square value for x (= x*2)

SQRT Square root value for x

ABS Absolute value of x

TRUNC Integer part of x (same as Int(x))

INT Integer part of x

FRAC Fractional part value of x

ROUND Rounds x to the nearest integer value
CEIL Ceil integer value of x

FLOOR Floor integer value of x

IFF If L<>0 then A else B

MAX Maximum value of input values x1 x2 x3 ...
MIN Minimum value of input values x1 x2 X3 ...
EXP Exponent value for the x

LN Natural logarithm value of x

LG Decimal logarithm value of x

POWER X to a power of y (y is floating point value)

IPOWER X to a power of y (y is integer value)

SIN Sine value of x
COoS Cosine value of x
TAN Tangent value of x

COTAN Cotangent value of x

ASIN Arcsine value of x

ACOS Arccosine value of x

ATAN Arctangent value of x

SINH Hyperbolic sine value of x

COSH Hyperbolic cosine value of x
TANH Hyperbolic tangent value of x
NOT Logical NOT of x (if x=0; 1 else 0)
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6 Lesson 2d: Analyzing some of the Results

Overview

What you will learn How to generate results and interpret them; how to perform contribution analysis per
process or per group of processes

Required entry level Lesson 2a, 2b and 2c¢ should be completed first, If you have skipped 2b and used a
standard waste scenario the results will be different from the results in this tutorial.

Recommended reading ‘Introduction to LCA with SimaPro’, chapters 4 and 5
Project needed Tutorial with wood example
Approximate time needed 45-60 minutes n

6.1 Inventory (LCI) results

So far, we have analyzed the tree as an intermediate check of our work. Now we will discuss a few of the other results.
We will only show a few of the many possibilities available in SimaPro, and we suggest that you experiment with other
functionalities yourself. If in doubt about the meaning of a window, press F1 for help. To see the inventory results of the
life cycle of the wooden shed, go to Product Stages, Life cycle, Others and select Life cycle of the shed. Click the Analyze
button {p|] . then click Calculate, and click the Inventory tab.
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Sort by Select Inventory Show amounts or
Substance with a characterized values
click on the heading per impact category

of the selected
method

Lipas \802 w803
‘.j File Edit Calculate Tools indow Help

D&t sRB[L

Networkl Tree IImDactassessrn t

Compartment Indicator
IAJI compartments LI IAmount LI ID% ™ Defaultunits i) | M ||.|.l| @ | %I i/gl 1% lZgl
Jong-
F EEirDsLLIJ:L-::rdnpam'nent rrization P P@(d!.lde Iotng :Erm
o Damage assessment Er Impact category
No Substance / Welwghﬁng ! / Compartment |Unit Total Simple shed p :Vhasdte scenario for | -
|Single score © @

1 1-Butanal Air Hg 197 1.42 0.549

2 1-Butanal Water pa 245 226 18.8

3 1-Pentanol Air ng 439 447 41,2

4 1-Pentanol Water Hg 117 1.07 0.099

5 1-Pentens Air Ha 582 359 222

] 1-Pentene Water ng 336 811 748

7 1-Propanal Air Hg 13.6 10.8 274

g 1-Propanol Water Ha 4,58 4,21 0,386

] 1,4-Butanediol Air ug 557 393 164

10 1,4-Butanediol Water Hg 223 157 65.7

11 2-Aminopropanal Air ng 392 341 51.2

12 2-Aminopropanol Water ng 941 813 123

13 2-Butene, 2-methyl- Air ng 15 116 3.37

14 2-Butene, 2-methyl- Water ng 35.9 27.8 8.09

15 2-Methyl-1-propanal Air ng 633 568 65.1

16 2-Methyl-1-propanal Water pa 1.52 1386 0.156

17 2-Methyl-4-chlorophenoxyacetic acid Soil pa 1.96 193 0.0313

18 2-Mitrobenzoic acid Air ng 156 134 22.1

19 2-Propanal Air mg 3.67 3.02 0.653

20 2-Propanol Water Ha 9.93 8.75 1.18

21 24D Air ug 173 1,56 0.17

2 2,4D Sail ug 414 329 85.4 il
Analyzing 1 p 'Life cyde of the shed'; Methed: ReCiPe Endpaint (H) V1. 10 / World ReCiPe HfA

Figure 33: Inventory (LCl) result window

The Inventory window has many different features. For example, you can also use it to show characterized results. Using the
right mouse click on the values gives you even more options to specify the results.
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6.2 Impact Assessment (LCIA) results
In the same window you can quickly obtain the impact assessment results. Simply click the tab Impact assessment.

Figure 34 shows the Characterization result of the production of the Simple shed (in red) and the Waste scenario of the shed
(in green). It is evident that production dominates some impact categories, while end-of-life dominates others.

Select Impact
assessment tab and click

Currently selected Tip: click a column for
method further specifications

Characterization

. H [-]=]x]
TS| S olE B |

/il ®e

Networkl Tree Impactd ent |Invenhcrv I Process mnhibuﬁonl Setup I Chefks (802,0) I Product overview I
I Characterization /. Damage Assessrnentl Normalization | Weighﬁng/ | Single score | ™ Default units
% Standard I~ Efdude long-term
i i %] 12e] 1% 2
e INEVEF d EIE k ﬁl iolhlﬁl " Group I ferimpact category

| I

[ L .t SN SO Uy SRR SUpUpR - R

T T T T T T T T T T T T
articu  Ionisin - Clmat Terres Fresh Terres Fresh Marine  Agricul Urban  Matura Metal  Fossil
latem gradia echan trialad water ftrislec water ecoto turalla lando  lland  deplet  deplet

I Simple shed I \W/aste scenario for shed

T T T T
Climat Ozone Human Photoc
echan deplet toxict hemica

Analyzing 1p 'Life cyde of the shed'’;
Method: ReCiPe Endpoint (H) V1.10 / World ReCiPe HfA [ Characterization

Figure 34: Results of the characterization step. All impact scores are displayed on a 100% scale. The colors indicate the contribution
of production and waste.

You can also calculate your results using another impact assessment method. To select a different method as your default,
follow the three steps shown in the window below. We suggest you try different methods, and see if that would lead to
different conclusions. The SimaPro database manuals give you an averview of the characteristics of the methods (see Help>
Data Manuals > Database manual).
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If you want to change a method, always copy the method to your project first (go to the Methods section in the LCA explorer,
select the method you want to copy, press the copy button); make sure to rename this new method before saving it, and
make your changes in the copied version. This will make sure you always have the original methods as a back-up.

|87 File Edit Calculste Tools

Step 1: Go to
Methods and

choose a method

A+l A+E
YloE o=

Step 2: Select a
Normalization/

Weighting set

3 &

Step 3: Click Set as
default

(= [&][x]

MName
Wizards CML-IA baseline \ New
Product Systems Morth American CML-IA non-baseline 3.01 Methods
Develop wizards Others Ecological Scarcity 2013 Methods Edit
Wizard variables Single issue EDIP 2003 Methods
Superseded EPD (2013) Methods hcn
Desaription - Water footprint £PS 2000 Methads
Libraries ILCD 2011 Midpoint Methods &I
IMPACT 2002+ Metheds Delets
Process 25 ReCiPe Endpoint (E) Methods
Product stz ges ReCiPe Endpaint (H) Methods Used by
System descrintions ReCiPe Endpaint {T) Methods
Wast: types ReCiPe Midpoint (E) Methods Check
Pz ameters ReCiPe Midpoint (H) Methods —
Impact asseésment ReCiPe Midpoint (1) Methods Set as default
Methods
Calculation setups

Interpretation
Document Links
Literature references
Substances

Unit conversions

|NormalizaﬁnnMeighﬁng set | I ’

Europe ReCiPe HH
World ReCiPe HfA
World ReCiPe H/H

ReCiPe endpoint method, hierarchist version. -
The ReCiPe method was created by RIVM, CML, PRé Consultants, Radboud Universiteit D
Mijmegen and CE Delft. In ReCiPe you can choose to use midpeint indicators or endpaint
indicators. Each method has been created for three different perspectives. More information
on the method via www.lca-ReCiPe.net.

The default ReCiPe endpoint method is the Hierarchist version, with European normalisation -

|Defau|t: ReCiPe Endpoint {(H) V1. 10 / World ReCiPe H/fA

|s0items | 1item selected

Figure 35: Selecting an alternative impact assessment method

6.2.1 Inspecting the complete network

You can get a complete view of a network by lowering the cut-off value to zero. You can produce a figure as shown below by
setting the desired zoom level (parts of the tree may be outside the window) and using the Copy command under Edit (or
CTRL+C). You can also use the Export command under File. SimaPro supports various formats, the BMP format works best
with most software packages.

When the cut-off value is set to zero it is possible to analyze all of the processes, ranging from cutting the tree to the
disposal processes. The ‘thermometers’ (the red bars on the right side of a box) show the contribution to the environmental load.
The thickness of the line also indicates the total environmental load flowing between processes. While a red color means an
environmental load, green means a negative environmental load, or in fact an environmental benefit.
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000903 Pt | ‘ L 19E-5 Fll

Figure 36: Overview of the complete life cycle presented as a network (all processes shown, cut-off = zero)

6.2.2 Inspecting the details

Finally we will show one of the most advanced features of the network presentation, the Show detail. By clicking the Show
detail ] button you can open a new window in which you get the specific results of the process you selected in the tree
or network.

The box that you select determines the content of this window. For instance you can select the Planks process you used
earlier. You can now see the contents of that record. You also see the inventory and impacts assessment results and the
process contribution for the selected process. You can select every impact category indicator you want or present the LCl
results in their original form.

In figure 37 we present the inventory results as characterized results for climate change.
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Analyzing 96.5 kg Planks’;Method: ReCiPe Endpeint (H) ¥1.10 / World ReCiPe HfA [ Characterization

Figure 37: Showing the details of a process in the tree

6.3 Contribution analysis

Often we do not only present the final results, but also want to show the contribution of different processes or different

process groups. SimaPro has two important features to provide such a specification:

1. Process contribution: Specifies the contribution of each process. The impact of processes linked to each process is not

taken into account.

2. Analysis of groups: Specifies the contribution of groups of processes, including the impact of processes linked to by

processes in the group.

It is important to understand the differences between the two. Under Process contribution, you can only see processes that
contain significant emissions or extractions from nature. SimaPro calculates this automatically. With the Analysis of groups
function we also see the contribution of processes linked to the group. In the Analysis of groups function you can create
your own groups, in which you can combine all kinds of similar processes, such as transport, energy, end-of-life and other

processes.
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Does a fridge pollute?

If you look at your fridge at home, there is no pollution. The electricity it uses does pollute. In a process contribution,
one cannot see the fridge, as in the process that defines the fridge, there are no emissions. So even though the fridge

is polluting, one does not see the fridge in the Process contribution itself. In the Analysis groups function you can see
both the fridge and the electricity use. You can define your own groups and show the contribution of all processes that
contribute to the environmental load of the fridge the way you want to show them.

6.3.1 Process contribution analysis
To make a contribution analysis select your life cycle and click the Analyze button . or i you are presently in any other
result window.

1. Select the tab Process contribution.
2. Click the Show chart button.
3. Adjust the cut-off to adjust the amount of processes shown in your chart.

In the figure below you can see that Steel contributes the most to the total impact of the life cycle, followed by electricity
use. As previously mentioned, the Process contribution only takes into account the emissions and resource consumption
that are specified in the process itself, not in the processes linked to that process. For instance we cannot see the assembly
Simple shed.

Step 1: Select
Process contribution

Step 2: Click the Step 3: Adjust the

Show chart button cut-off

Networkl Tree I Impact assessrnentl Inventory Process contribution | Setup BZ.0) | Product overview I

Indicator Cut-off

ISing\e score LI Iﬂ% 2 [~ Default units ﬁ mﬂﬁl 2|y

Chart of process / product stage

L

Category (= Standard | Exdude long-term emissions
I - = Group [~ Per impact category Total ;I

Total

I Stocl, low-alloyed {GLO}| market for | Alloc Def, 5

N Electricity, medium voltage {ML} | market for | Alloc Def, 5

1 Transport, passenger car, EURO 4 {RER}| market for | Alloc Def, 5

I - crap steel (waste treatment) {CH}| treatment of scrap steel, municipal incineration | Alloc Def, S
| Flanks

= Transport, freight, lorry 16-32 metric ton, EURO4 {GLO} | market for | Aloc Def, 5
[ Femaining processes

Analyzing 1 p 'Life cyde of the shed’;
Method: ReCiPe Endpoint (H) V1. 10 / World ReCiPe HfA / Single score

Figure 38: Contribution analysis showing all processes in the network that contribute to the environmental impact of the shed.
If the cut-off is adjusted to 1%, this contribution analysis will show all processes in the network that contribute more than 19%.
The total contribution of the processes that are below the cut-off is then summarized in the column “Remaining processes .
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6.3.2 Analysis of Groups

While you are in the Network tab you can define groups of processes from which you want to see the contribution to the
environmental load.

Step 1: Select the Step 2: Click Add Step 3: Select
Show analysis and define a new the two transport

groups button group (in this case processes (while
‘Transport’ cursor has the
shape of a +)
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Toor T e/
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Spo | — |
Delete | E
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Remove all |
Save |
| > Save as | |
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Figure 39: Selecting processes to include in a group, in this example all transport processes

The figure above show how a group of transport processes can be made. Please note that you only have to select the trans-
port processes. The contribution of the underlying processes is automatically included. Once a group has been created, other
groups can be added, as is shown in figure 40 below. A fourth group (Top) is always present and cannot be deleted. This group
contains the contribution of all processes that do not belong to one of the other groups. SimaPro automatically calculates

the processes that belong to this group. Note that you can select the top process to be part of a group, in that case the Top
group will automatically disappear.
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To remove processes from a group, click Remove and then select the processes to be removed.
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AR HS | PRE|PIEE|E T I NmA|SS
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Figure 40: Creation of two other groups: Electricity and Waste treatment

In this example, the Waste treatment group also links to some transport. In SimaPro this does not result in a double count.
The Waste treatment group will not contain the impacts of transport, as these impacts are already in the transport group.
The example shows that one must be careful when selecting groups, as such combinations often exist.

With the groups defined, we can return to the Inventory or Impact Assessment results page. You will see a clear overview of
the contribution from each group you defined, in addition to the Top group.
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Metwork | Tree Impact assessment |Invenmrv I Process contribution I Setup I Checks (302,0) I Product overvigw

Select Standard or

Group specification

Characterization | Damage Assessmentl Mormalization | Weighting

I Single score
" |standard
Skip categories INever hd 2} Iilj_ A %l i/?l l%l li/fl I Eroup

[~ Default units
[~ Exdude long-term

T
Top Transport

[ Climate change Human Health I Czone depletion
] Particulate matter formation I Ionising radiation
I Freshwater eutrophication 0 Terrestrial ecotoxicity
1 Agricultural land occupation I Urban land occupation
1 Fossi depletion

Analyzing 1p 'Life cycle of the shed';
Method: ReCiPe Endpoint (H) V1.10 / World ReCiPe HfA f Single score

I Human toxicity

I Climate change Ecosystems
I Freshwater ecotoxicity
[ Matural land transformation

Waste treatment

I Fhotochemical oxidant formation
I Terrestrial acidification

I Marine ecotoxicity

[ Metal depletion

Figure 41: Impact assessment per group

Instead of a Standard specification in which one sees the contribution of the underlying processes, we can now choose to
view the contribution of each group (figure 41). This specification also works in the Characterization, Normalization and other

views, as well as in the Inventory results.

Please note that the Analysis of groups feature does not work in a looped data structure, such as that in input output
databases and the unit versions of the ecoinvent data libraries. This is because in such a looped structure it is simply not
clear where the contribution of underlying processes ends: everything can be linked to everything. To use the feature with

looped datasets, you need to use the equivalent system processes.

If you use mixed data (looped and non-looped), grey edges around processes indicate which processes are looped and can-

not be used in groups.

Analysis groups for EPD’s

The Analysis of groups is a powerful tool when you create Environmental Product Declarations or EPDs. The methodology
to make EPDs is defined in the ISO 14025 standard. A further specification of how you should make an EPD is specified in

a Product Category Rule document (PCR). A list of available PCRs can be found on www.environdec.com.
An important requirement in many EPDs is to specify the contribution of transport, waste, and sometimes energy. With
the Analysis of groups function you can easily supply these. See also the ‘Introduction to LCA with SimaPro’ manual.
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/ Lesson 2e: Using Parameters
for Sensitivity Analysis

What you will learn How to use parameters to automatically switch between allocation principles

Required entry level Lesson 2a, 2b, 2c and 2d should be completed first. If you have skipped 2b and used
a standard waste scenario the results will be different from the results in this tutorial.

Recommended reading ‘Introduction to LCA with SimaPro’, chapters 4 and 5
Project needed Tutorial with wood example
Approximate time needed 45-60 minutes

Parameters can be used for many purposes, like developing alternative scenarios or a modular process structure in which you
can include or exclude parts of the life cycle.

7.1 The impact of the allocation principle

In section 3.4.1 we chose the mass allocation principle for 3 outputs of a sawmill: planks, sawdust and bark. We discussed
different allocation percentages, based on mass and economic allocation. Switching between two types of allocation can of
course be done by manually changing the allocation percentages, but you can also create a “switch” using parameters. The
benefit of using parameters is that it becomes easy to see how important the effect of the allocation choice is.

Below we show how you can redefine the process record with the planks. In the new version, you can change the allocation
basis by simply changing a parameter.

There are many ways to define parameters, but in the example below we will define an input parameter “use_econ_all". If
this input parameter is equal to one, it means we want to use economic allocation. If it is set to zero, it means we want to
use mass allocation. We also define a calculated parameter called “use_mass_all". This parameter is calculated by SimaPro
using the formula: use_mass_all = 1 — use_econ_all.

This simple formula lets the mass allocation parameter become equal to one if the economic allocation is assigned the value
zero, and vice versa.

To define these parameters, please reopen the process that defines the planks, sawdust and bark. Click the Parameters tab
and enter the formulas as shown in the next figure. (Please note that this feature is not available in the Compact, Classroom
and Faculty licenses of SimaPro.)
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The ‘= 0’ is added

Errors will be
reported here

Open the Planks
process; go to the automatically; do

not type it.

Parameters tab

3 Edit material process 'Planks’

Documentation I Inputfoutput Paramefers |Svshem description I

Input parameters
MName Value Distribution SD2 or 2%0Min ax Hide Comment

|use_econ_a|| |1 |Undeﬁned | | | - if value equals 1, economic allocation is applied. If0,
mass allocation is applied. Other values may not be
used.

(Insert line here)

Calculated parameters

Mame Expression Comment
|use_mass_a|| |1—use_e9n_/all =0 7/
(Insert line here)
< e i >
Mo [Error /| additional info |

Figure 42: Defining an input parameter and a calculated parameter

Return to the input/output section by clicking the Input/output tab. Instead of using fixed percentages for allocation, you can
now enter three other formulas. These reflect the economic (80, 20, 0%) and mass (50, 40, 10%) allocation percentages.

For the allocation percentage for planks, enter:
80*use_econ_all+50*use_mass_all

If you set use_econ_all to one, the allocation percentage will become equal to 80%, if you set use_econ_all to zero, the value
for use_mass_all will become one, which means the allocation percentage will become equal to 50%. For the allocation of
sawdust you can enter a similar formula, as shown below. For the allocation to bark you can create a simpler formula, since
for economic allocation the allocation percentage is zero.

Do not enter ‘=

80%’; SimaPro will
do this for you

‘-)Edit material process 'Planks’ EI@
Documentation  Inputjoutput | Parameters | System description
-
| Products
Known outputs to technosphere. Products and co-products =
Mame Amount Unit Quantity Allocation % Waste type
Flanks 500 kg Mass 80%use_econ_all+50%use_mass_all = 80%: Wood
Sawdust 400 kg Mass 20%use_econ_all+40*use_mass_all = 20%: Wood
Bark 100 kg Mass 10%use_mass_all = 0% Wood
(Insert line here)
Known outputs to technosphere. Avoided products
MName Amount Unit Distribution SD2 or 2*5DMin
(Insert line here)
| Inputs
Known inputs from nature (resources)
Mame Sub-compartment  Amount Unit Distribution 502 or 2*5DMin
(Insert line here)
Known inputs from technosphere (materials/fuels) | S
< 1 3

Figure 43: Using parameters to calculate allocation percentages
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7.2 Comparing the impact of alternative allocation principles

SimaPro has a powerful feature that allows you to compare between two parameter settings. We will now use this feature
to compare the differences in environmental load between the two allocation principles.

While you have the Planks process selected, click Compare k. A calculation setup box will appear. At the top, there
are three tabs. Please select the Parameter sets tab in the middle. A window like the one below will appear; simply follow

the steps.

Step 1: Click Add Step 2: Click Add
twice to create two parameter

parameter sets

% New calculation setup

Import from Excel sheet I /

No |Parameterset /] Mo /|Parameter |Defined in / |type [set 1 [set 2 |

1 [set1 /
2 |setz

[~ Show uncertainty values Refresh | Wiew import log |

Delete Add paraffieter | Delete parameter

Calculate | Close |

Figure 44: Creation of two parameter sets

Next a new screen will appear, from which you can select the parameter you want to use.
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The comment field Click Scan Tree; SimaPro
displays the comment you will list the available

added when you defined parameters
the parameter

. Select Parameter |

No |Parameter / [Type / | Defred in | value

1 use_econ_all Process Planks 1 Select |
Cancel |

If value equals 1, economic allacation is applied. If 0, mass allocation iz applied. Other -
values may not be used,

Figure 45: Selecting the parameter you want to use in the comparison

After you click Select a new line is added. For clarification, you should now edit the default names Set 1 and Set 2 at the
left-hand side of the box into something more representative (for example, economic allocation and mass allocation). You
will see that these names will now appear as headings of the columns on the right-hand side.

Step 1: Rename the Step 2: Give the different
parameter sets by values for each allocation

double-clicking them principle

-} Mew calculation setup o [
General Parameter sets |Ana|vs' aroups | Chart options |

Import from Excel sheet I

Mo | Parameter set | No  |Parameter |Deﬁned in |Type \{econorn\hs.gllocl mass allomﬁorl
1 economic allocation 1 use_econ_all Flanks Process by N o
mass allocation

If value equals 1, economic allocation is applied. If 0, mass allocation is applied. Other values -«
may not be used.

Add | Delete Add parameter | Delete parameter | [ Refresh | Wiew import log |
Help | Calculate | Close |

Figure 46: Setting different values for each parameter set
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Next click Calculate. In the Impact assessment tab, under Characterization, you will see a comparison of the
environmental load of plank production with economic and with mass allocation, as seen in the screen below.

Impact assessment | Inventory | Process contribution | Setup | Checks (802) | Product overview |

[ characterizaton  Damage assessment|  Mormaizaton | weghtng | sngescore | [ Dot urits

. £ (e s ™ Exclude long-term
Skip categories Never - @Im o T W i T ——_

Climat Ozone Human Photoc Partcu Ionisin  Clmat Terres Fresh Terres Fresh Marine Agricl Urban Matura Metal  Fossil
cchan deplet toxict hemica latem grada echen Welad water bidec water ecoto tralle lendo lland  deplet  deplet
B cconomic allocation B mass alocation

Comparing 1 kg 'economic allocation’ with 1 kg 'mass allocation';
Method: ReCiPe Endpoint (H) V1.10 / World ReCPe H/A / Characterization

Figure 47: Result of the comparison between parameter sets. The red bars reflect the impact category indicator scores when
economic allocation is used; the green when mass allocation is used. In this example we use characterization. The vertical axis is
a percentage scale

The graph shows a comparison between the impacts of a plank using economic and mass allocation. The highest score is
scaled to 100% and the lowest is a relative score. In this simple case the difference between all scores is a fixed percentage
of 62.5%, as the allocation factor influences all impacts in the same way. In a complex process tree with many allocated pro-
cesses the result will be different, and it is precisely in these situations where parameterized allocation is extremely powerful.

Another application of using parameters is to create switches that influence the system boundaries. For instance you could
make a switch that determines if the growing of the tree should become part of your LCA. In that case you may want to
subtract the CO, absorbed in the wood. Likewise, you can set a switch to include or exclude benefits (avoided products), such
as gas collection from landfills.

Using parameters to compare alternative shed designs

In section 5.3 we demonstrated how you can parameterize the dimensions of the shed. We can use the same principle
to compare two or more shed designs using different parameters. If you have made the parameterized set according
to the instructions in section 5.3 you can define a calculation set-up box as shown below.

e

€39 New calculation setup
General Parameter sets | analysis arouns | Chart options |

Import from Excel sheet |

No |Parameter set |pefinedin

1 Basic model Simple shed with parameters
2 Steep model Simple shed with parameters
i 'Simple shed with parameters
|Simple shed with parameters
Simple shed with parameters
Planks

slope expressed in radials (57,3 degrees = 1)

Delete ] Add gﬁaneifrl De!etepaametﬂ'l [~ Show uncertainty

As you can see, the parameter for the allocation (last line) is also among the parameters you may want to change.
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Advanced features of paramete g processes to excel or other data source
advanced feature is o available aPro Direct and Developer, and cannot be see e demo g
eature you ca eacn proce ecord to a el spreadsheet or a QL database ope D Ma
possibilities. Fo ance 0 e el Tor data collection, you can ask eacn data provider to enter data in a certa
orma a QL database or a spreadsheet, and an automatica pdate yo A
e ations below give an example e el datashee dire ed to fro a spreadasnee
A B C
1 Location: Amsterdam
2
3 electricity 134 MWh
4 CO2 7 ton
5 502 77 kg
6 NOx 13 kg

Known inputs from technosphere (electricity/heat)

Name Amount Unit  Distrib SD*2
[Electricity, low voltage 'C:\Data collection 2012\[Data Amsterdam (v1.1).xisx]sheett'B3 =134 [Mwh | | |
v (Insert line here) |
I Outputs
Emissions to air
Name Sub-co Amount Unit Di
Carbon dioxide 'C:\Data collection 2012\[Data Amsterdam (v1.1).xlsx]Sheet1'1B4 = 7 ton v|
Sulfur dioxide 'C:\Data collection 2012\[Data Amsterdam (v1.1).xlsx]Sheet1'B5 = 77 |kg
Nitrogen oxides 'C:\Data collection 2012\[Data Amsterdam (v1.1).xlsx]Sheet1'1B6 = 13 Ikg

(Insert line here)
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8 Lesson 3: Building Sophisticated Product
Stages using the Wizard

Overview

What you will learn This exercise shows you how to use the LCA wizard tools in SimaPro to model
complex end-of-life scenarios. In fact in a much shorter time than you needed for
lesson 2c on waste scenarios.

Required entry level We recommend doing this lesson after you have done the lesson 2¢, but it is also
possible to start this lesson after lesson 1.

Recommended reading ‘Introduction to LCA with SimaPro’. Chapter 8 gives provides some background; it is
recommended, but not essential to read it.

Project needed Introduction to SimaPro. Please make sure that the methods library and the Industry
data library are selected under “libraries”

Approximate time needed 30-45 minutes

8.1 The problem

Due to the increase in digitalizing information by email, USB and MP3s, people are expected to start disposing of their CD-
ROMs. Does it make sense (from an environmental point of view) to organize a special recycling system? For this, we need
to compare two product systems, one with the normal Dutch disposal scenario (landfill and incineration mix), and one without
the recycling system.

8.2 The SimaPro solution

Use the LCA wizard to model two product systems, one with recycling and one with the average disposal scenario in the Ne-
therlands. The functional unit is one CD-ROM. Please note that wizards are not available in SimaPro Direct. For this example,
some simplifications are made in the logistics system and some small parts of the CD-ROM are left out. There is also no
need to define the complete production process; only the material content is important.

8.2.1 Product system without recycling
Open the project ‘Introduction to SimaPro’. Start the LCA wizard and define one assembly and associated life cycle with the
following materials:

1. Polyvinylchloride, at regional storage/RER S demo 7 15 gram
2. Aluminium, production mix, at plant/RER S demo 7 1 gram
3. Polypropylene granulate at plant/RER S demo 7 105 gram

4. Do not enter processes in the assembly or life cycle
5. Select Municipal/NL S demo7 as the waste scenario

You will need 22 steps in the wizard. After finishing the wizard, save the product stages and the product system.
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Detailed instructions

If the generic description above is not clear enough, you can follow the detailed instructions below:

Start the LCA wizard

Step 1: Click: Next.

Step 2: Select Assembly and life cycle.

Step 3: Select Assembly.

Step 4: Enter CD-ROM without recycling.

Step 5: Enter 1, indicating that the functional unit is just one CD-ROM.

Step 6: Yes, enter materials.

Step 7: Select Plastics.

Step 8: Select Polyvinylchloride, at regional storage/RER S demo 7; this is the main material for the CD-ROM.

Step 9: Enter the mass of the CD-ROM, in this case 15 gram, or 0.015 kg.

Step 11 to 17: Now add the material for thin layer on the CD-ROM, which is the metal aluminum or Aluminium,
production mix at plant/RER S demo 7. Enter 1 gram as amount. Add the CD-ROM case which consists
of 105 gram polypropylene granulate at plant/RER S demo 7 (material type: plastics).

Step 18: This assembly is ready, you have now entered the main materials.

Step 19: Although the CD-ROM will use energy to play, we leave this aspect out of the comparison, as both for
the recycled and non-recycled CD-ROM these impacts will not differ, so choose No processes in the
life cycle.

Step 20: Yes, we will enter a waste scenario.

Step 21: Select Municipal waste/NL S demo 7; this scenario contains all information on what percentages are
land filled, incinerated and recycled (see also the tree in the background).

Step 22: No additional life cycles.

After step 22:  Please confirm that you want to save the product system. Give the product system a name such as
CD-ROM without recycling

8.2.2 Product system with recycling

Defining this product system is somewhat more complex. You will need 44 steps. The key issue is to make SimaPro under-
stand that the CD-ROM and the case have different disposal scenarios and that there is a disassembly step. To achieve this,
you must define an assembly with two subassemblies, one called CD-ROM only and one called Case only. The LCA wizard is
slightly counter intuitive since when you define a subassembly, it first asks about the disposal of the subassembly, and after
you entered this it will ask about what is actually in the assembly.

Start the LCA wizard, but this time enter in step 3 that you want to work with subassemblies, and confirm you will work with

a Disposal model in step 4.

1. Define a main assembly called CD-ROM with recycling, and choose Incineration/CH S demo?. Specify that 100% of the
waste is sent to disassembly. Do not add materials or processes, but create a subassembly in step 11.

2. Specify the name CD-ROM only for the first subassembly, specify Incineration/CH S demo? and specify that 100% of the
CD-ROMs go to this waste scenario. Now specify that the CD-ROM contains 15 gram Polycarbonate (use Polyvinylchlo-
ride, at regional storage/RER S demo 7, and 1 gram aluminum (use Aluminium, production mix, at plant/RER S demo 7).

3. Create a new subassembly (step 26) for the case. Specify Recycling only avoided demo?, and again specify 100% is sent
to this waste scenario (in SimaPro recycling is also seen as one of the waste scenarios). Now specify 105 gram high
impact polypropylene (use polypropylene granulate at plant/RER S demo 7) for the case.

4. For the collection process, add Transport, van <3.5t/RER S demo?7 to the life cycle in step 40 and 41, and add 0.02 tkm
as transport amount (the weight of the CD-ROM is 121 grams, which is multiplied by the average transport distance
200 km, the rounded value is thus 0.024 tkm).

You will need 44 steps in the wizard. After finishing the wizard, save the product stages and the product system.

68



SimaPro Tutorial

Detailed instructions for the CD-ROM recycling product system

If the generic description above is not clear enough, you can follow the detailed instructions below:
Start the LCA wizard

Step T1:
Step 2:
Step 3:
Step 4:
Step 5:
Step 6:

Step 7:

Step 8:
Step 9:

Step 10:

Step 11:
Step 12:
Step 13:
Step 14:
Step 15:

Step 16:
Step 17:
Step 18:
Step 19:

Step 20:

Step 25:
Step 26:
Step 27:
Step 28:
Step 29:
Step 30:

Step 31:

Step 32:
Step 33:
Step 34:
Step 35:
Step 36:
Step 37:

Click Next.

Select Assembly and life cycle.

Select Assembly with Subassemblies.

Select Disposal.

Enter the name of the assembly: CD-ROM with recycling.

Enter 1.

Now, and this seems a bit counter intuitive, the Wizard first wants you to specify how the CD-ROM
is disposed of.

Select Incineration/CH S demo?7. This waste scenario has all data on the incineration of waste,
including the reclamation of energy.

Enter 100% in the field Disassembly, indicating that all CD-ROMs are sent to disassembly.

Click Next.

Read and click Next.

Now SimaPro finally wants to know which materials are in the CD-ROM.

Now create a subassembly. This is the first subassembly we create.

Enter name: CD-ROM only.

Enter 1.

Select Incineration/CH S demo?. Indicating that the CD-ROM will be incinerated.

Enter 100% in the field for subassemblies send to waste; indicating that all CD-ROMs are sent to the
waste scenario you just selected (incineration).

Click Next.

Yes, enter materials.

Select Plastics.

Select Polyvinylchloride, at regional storage/RER S demo 7, this is the main material for the CD-ROM
(you can also select another material and change this later in the product system (see below).

Enter the mass of the CD-ROM, in this case 15 gram, or 0.015 kg. Note that you will see that in the
tree, not only the material is added, but also the waste scenario and waste treatment for PVC. Now
add 1gram of Aluminium, production mix at plant/RER S demo 7 in the same way.

No, This subassembly is ready.

Yes add another subassembly.

Enter Case only as name for the subassembly.

Enter 1.

Choose Recycling only avoided demo?.

Enter 100% in the field waste, indicating that all cases are sent to the waste scenario you just
selected (recycling).

Click Next.

Now SimaPro finally wants to know which materials are in the cases.

Yes, enter materials.

Select Plastics.

Select Polypropylene granulate at plant/RER S demo 7. This is the main material for the case.

Enter the mass of the case, in this case 105 gram, or 0.105 kg.

The Subassembly is ready.

No, do not enter other subassembly (or you may want to experiment with a separate subassembly for
the printing color.




¢y SimaPro

Step 38: Yes, Add processes to the life cycle

Step 39: Choose Transport

Step 40: Choose Transport, van <3.5 t/RER S demo?7

Step 41: Enter 0.024 tkm or 24 kgkm. The weight of the CD-ROM is 121 gram. Multiply by the average
transport distance (200 km). The (rounded) value is thus 0.024 tkm

Step 42: No, do not enter additional processes (the processes needed for the recycling are already in the
selected recycling scenario)

Step 43: No, do not add additional life cycles

Step 44: Click Next

After step 44, Please confirm that you want to save the product system. Give the product system a name such as
CD-ROM with recycling

8.3 Analyzing the results

8.3.1 Analyzing the product system without recycling
Open the Product system without recycling. Here you see an overview of the data you have just entered.

'.z- LCA Wizard Product systems (2)

The LCA wizard helps you to set up your LCA model, It is particularly useful when you want to model advanced end of life scenarios.

Next, click the Network button &l to get an overview of the pracess system, like below. You can see the Polyvinylchloride,
Aluminium and Polypropylene flows in the assembly and the life cycle. The Municipal waste handling has a relatively low
contribution. The waste scenario splits the waste stream in a part that is landfilled and a part that is incinerated. SimaPro
has special waste treatment records to model the incineration and landfill. SimaPro automatically analyzes the material
content in the waste flows and connects them to the proper waste treatment record (for this, each material has a label that
describes the waste type).

In this example we used the avoided emission example, meaning that the electricity generated in the incineration process
is assumed to avoid regular Dutch electricity production. You can see that this electricity has a negative environmental load.
Use the Product system to change the waste scenario and regenerate the tree to inspect other waste scenarios. For ins-
tance use Household waste/NL S demo?.
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0,015 kg 0,001 kg 0,105 kg 0,00035 kg 0,0157 kg 0,105 kg
Polyvinylchloride, at Aluminium, Polypropylene, Recycling Landfill/CH S demo?| Incineration/CH S
regional production mix, at granulate, at aluminium/RER 5 demo?
storage/RER S plant/RER S demo? plant/RER S demo? demo7?
0,00375 Pt 0,000729 Pt 0,0311 Pt -0,000353 Pt 8,29E-5 Pt 0,0123 Pt

0,0137 kg 0,0013 kg 0,013 kg
Disposal, Disposal, Disposal,
polypropylene, polypropylene, polyvinylchloride,
15.9% water, to 15.9% water, to 0.2% water, to
7,48E-5 Pt | | 0,0106 Pt 0,00168 Pt -

Figure 48: CD-ROM without recycling

8.3.2 Analyzing the product system with recycling
A similar analysis can be made of the system with recycling. After you click the process network button 33 please set the

cut-off level at 0% for a complete overview, as shown below. You will now see that two subassemblies feed into the main
assembly, and that the end-of-life treatment is different. A disposal scenario feeds into a disassembly, and from there, you
have two separate disposal scenarios for the CD-ROM and the case. The impacts of the CD-ROM incineration are small, as
the avoided electricity production avoids all impacts. The impacts of recycling the case are clearly negative, as recycling leads
to a significant avoidance of the Polypropylene production. This leads to an overall negative impact for the whole disposal.

Note that a transport process is connected to the life cycle. The impact of this collection effort is clearly lower compared to

the benefits associated with the recycling system.

71



¢y SimaPro

ip

ip

Life
Cyde_CD-ROM
with recyding

0,0116 Pt

0,024 tkm
Transport, van
<3.5t/RER 5

0,00265 Pt

CD-ROM only
0,00448 Pt
0,015 kg 0,001 kg 0,105 kg ip
Polyvinylchloride, Aluminium, Polypropylene,
at regional production mix, granulate, at
storage/RER 5 at plant/RER. 5 plant/RER 5
0,00375 Pt 0,000729 Pt 0,0311Pt

Figure 49: Inspection of tree CD-ROM with recycling

0,016 kg
Indneration/CH 5
demo?

0,00194 Pt

_ |

avoided demo7

0,001kg 0,015kg [ 0,105 kg
Disposal, Disposal, Recyding PP/RER|
aluminium, 0% polyvinylchloride, 5 demo?
4,43E6 Pt 0,00193 Pt L -0,0286 Pt

8.3.3 Comparing both systems

Now select both product systems (click both systems, while holding the CTRL key down), and click Compare. Choose the
impact assessment method you want to use. The recycling system is indeed preferred over the traditional disposal system
if one uses the single score presentation.
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mPE
i

Life Cycle_CD-ROM without recyding Life Cycle_CD-ROM with recyding
I Climate change Human Health [ Ozone depletion [—] Human toxicity I Fhotochemical oxidant formation BB Particulate matter formation
I Ionising radiation N Climate change Ecosystems I Terrestrial addification I Freshwater eutrophication = Terrestrial ecotoxidty
N Freshwater ecotoxicity I Marine ecotoxicity = Agricultural land occupation I Urban land occupation [ Natural land transformation
[ Metal depletion [ Fossi depletion

Comparing 1 p 'Life Cycde_CD-ROM without recydling' with 1 p Life Cyde_CD-ROM with recydling;
Method: ReCiPe Endpoint (H) V1.08 / Europe ReCiPe H/fA [ Single score

Figure 50: Comparison CD-ROM with recycling with CD-ROM without recycling

Note that the outcome is heavily dependent on the way the benefits of recycling and energy reclamation from incineration
are modeled.

8.3.4 Detailed analysis using the traditional user interface

Working with product systems is easy but it has some limitations. If you want to understand the details of the system you
have built, go to the Product stages section. Under Assembly, subcategory Others, you will find the four assemblies you have
defined in the Wizard. You can open these and inspect or edit them. You will also find the life cycles, disposal scenarios and
disassembly stages under Others. Note that if you make changes in these Product stages, these changes will not be made
in the Product systems.

73



¢y SimaPro

9 Lesson 4: Using Input Output Data

What you will learn How and when to use input output data
Required entry level LLesson 1 should be completed
Recommended reading ‘Introduction to LCA with SimaPro’. Chapter 8 provides some background; it is

recommended, but not essential to read it.

Project needed Tutorial with wood example, or any other project. Activate the library ‘USA Input
Output Database’. Please note that this library is not available in the demo version.

Approximate time needed 30-45 minutes

9.1 Introduction

SimaPro includes a comprehensive Input output database containing environmental data for all 500+ commodities in the
USA economy. Commodities are generic names of groups of products and services, such as iron and steel, but also “Banking
services”. Data is specified per $ trade value. This type of data opens up many new possibilities.

9.2 Problem 1: Priorities for sustainable consumption

The Japanese, Dutch and Danish governments as well as the Joint European Research Centre are currently determining which
priorities should be set for policies aiming at reducing the environmental load of consumers.

9.2.1 The SimaPro solution
Determine the average spending by consumers on product groups, and link these to the Input output database. Such expen-
diture patterns are usually available at statistic bureaus, as they are needed to determine inflation figures.

To illustrate the idea, we will compare the environmental impacts of spending one dollar on a cinema or theatre with spen-
ding one dollar at a restaurant. Before starting, make sure that the library USA Input Output Database (under Libraries in
Goal and Scope) is selected . Then go to Processes\Material\input Output\USA 2002, and select Food services and drinking
places and Motion picture and video industries. Clicking the compare button {jjl
will show that from a sustainable consumption point of view, it would be better if
consumers would shift from spending money in restaurants to spending money
in movie theatres.

Wizards [E]- Processes

Bl Material

-- Chemicals

-- Construction

-- Electronics

- Glass

B} Input Output
s )

[ Metals

-- Others

-- Paper + Board

- Plastics

Goal and scope

Inventory
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Comparing 1 USD 'Food services and drinking places' with 1 USD 'Mation picture and video industries';
Method: ReCiPe Endpaint (H) V1,10 / World ReCiPe HfA [ Characterization

Figure 51: Comparing Food services and drinking places with Motion picture and video industries

9.3 Problem 2: Guiding strategic investments
Determine the environmental impacts of changing the business portfolio for a company that is in the entertainment sector.

9.3.1 The SimaPro solution

Suppose your company is managing restaurant chains, and is contemplating to expand to other fields of entertainment, like
movies and cinemas. In this case, the comparison described above can also be used to estimate the impact on the overall
performance of the company. It provides a quick view of the probable changes of the eco-efficiency ratio. For instance, the
annual CO, emission per unit of turnover will be substantially reduced. Again, some care must be taken regarding exactness,
but the general trend will be quite reliable.

9.4 Problem 3: Including the impact of services in the LCA

The main costs of producing a Demo booklet and Demo CD for SimaPro are in their design and distribution. In a traditional
LCA these services are often not included.
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9.4.1 The SimaPro solution
Determine the costs spent per booklet and CD, and select the commodities that are representing these costs. The table
below shows the basic data and the commaodities they belong to.

Iltem Amount Commodity

Development cost $2 Book publishers

Graphic design $2.10 Book publishers

Printing $2 Printing

CD production $1 Magnetic and optical recording media manufacturing
Postage $3.75 Postal service

Create a new assembly, adding the above data under Materials/Assemblies. Click Network 33 and set the cut-off at 9% to
arrive at the following figure (if you get a calculation warning message click Continue).

4,84USD 2,69 USD 1,2USD 4,52 USD
Book publishers Printing Magnetic and Postal service
optical recording
media
0,0832 Pt 0,121Pt 0,0518 Pt 0,0883 Pt
[ |

0,132U5D 0,149 USD 0,136 USD
Qil and gas Electric power Paper mills Petroleum
extraction generation, refineries
transmission, and
0,0953 Pt 0,0792 Pt 0,049 Pt 0,079 Pt

Figure 52: Network of environmental load connected to printing booklet and CD
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The network indicates that the environmental loads connected to printing the booklet are the most dominant. After that the
postage has the most influence. In the example, we assumed that only regular mail was used. You can experiment changing
postage from regular mail to courier service. In that case, since both are in the same sector, you just need to change the
cost. Finally, the environmental load of the costs for developing the booklet (at the offices of PRé), as well as the graphic
design companies are also quite important.

9.4.2 Limitations

The example also shows some limitations. For instance, we cannot distinguish between different printing techniques, or
different ways to send mail. Within a commodity, the only determining factor of the environmental load is the value.
Another shortcoming is that it is difficult to determine the impacts of waste handling.

9.4.3 Hybrid LCA

To compensate for these shortcomings, SimaPro supports the use of Hybrid LCA. This means you can use traditional LCA
processes for printing and papermaking, and add a ‘normal” waste scenario, while you use the Input output data to model
the services.
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10 Lesson 5: Solving the Weighting Debate

What you will learn How to use the weighting triangle. This is a powerful way to involve stakeholders in
solving weighting problems when interpreting LCA results

Required entry level Lesson 1

Recommended reading ‘Introduction to LCA with SimaPro’, chapter 4 is essential reading material

Project needed Tutorial with wood example, or any other project

Approximate time needed 15-30 minutes

10.1 The problem

Weighting across impact categories is not allowed for public comparisons (ISO 14042). So how do you compare the envi-
ronmental load of two materials without using the default weighting sets? We take the case of comparing the production of
two types of thermoplastics: 1 kg LDPE and 1 kg of HDPE.

10.2 The SimaPro solution

Under Libraries select the Industry data 2.0 library. Note that some demo versions may not have this database.
Go to Processes/Materials/Plastics/Thermoplasts, select LDPE resin E and HDPE resin E. Click the Compare button ,
select the ReCiPe Endpoint H/A method, and go to Single score. You will see that the HDPE seems to have a slightly lower
environmental load per kilo. However, the Single score is calculated using a weighting set, and this is not what we want.
Go to Normalization, and make sure you have not selected the checkbox “Per impact category’.
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Make sure this box is
deselected

Step 1: Go to Single score Step 2: Go to Step 3: Go to Show

Normalization triangle

“’Eile Edit Calculate Tow Window Help
Ded | H& | tRB[F

Impact assessment |Inver1torv | Process contrib

2 &a 1l

Product gferview I

'.l‘.|'ek_:jhﬁr'k_:j7kl~ Single score |
/ I Bfdude lo
B B B ng-term
skip categories INever LI ﬁlm kl i{gl _/gl l/°|l_/g| [/ ——

AL AR
rlosn o=

7
Characterization | Damage Assessrnentl Mormalization

3,524
Se-4
7,5e-4
Te-4
5,524 |
Ge-4
5,524
Se-4
4,544
4e-4
3,564 4
Je-4
2,5e-4
2e-4
1,5e-4
le-4

Se-5
-2,03e-19

Human Health Ecosystems Resources

I HDPE resin E M LDPE resin E

Comparing 1 kg 'HDPE resin E' with 1 kg 'LDPE resin E';
Method: Redpe Endpeint (H) V1.07 / Europe ReCiPe HfA / Normalization

Figure 53: Comparing two products without using default weighing sets

Under this view, it is evident that HDPE has a lower score on Human Health, but a higher score on Resources. This is because
more energy from fossil fuels is used in the production process.

Now click the triangle button to get the window shown below. On the sides of the triangle, the weights for each of the three
damage categories are plotted between O and 100%. All points within the triangle can be seen as a possible weighting set.
In the figure below, we added white lines to indicate the weighting set used as default for the ReCiPe method (these will not
show on your screen):

+ Human Health 40%

- Ecosystems 40%

- Resources 20%

One can imagine that there are weighting sets for which both plastics will have the same environmental loads. These points
form the “line of indifference’. In this example, all the points on the left-hand side of this line are weighting sets for which
HDPE has a lower environmental load (in blue). The red area indicates the weighting sets for which HDPE has a higher load.
Whether HDPE is preferable or not clearly depends on the weighting set you apply.
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Default weighting set Line of indifference

used in ReCiPe H/A

Bl HDPE resin E lower environmental load
- LDPE resin E lower environmental load

Figure 54: Triangle with weights of damage categories

The triangle does not solve the weighting problem, but you can now discuss the weighting issue in a much more constructive
way. You can present the triangle to stakeholders and ask whether they would find it more reasonable if their weighting set
would be in the blue or the red area, or somewhere close to the line of indifference. Or to put it in another way, would it be
conceivable that the weight for human health is much lower than 40%, while the weight for resources is much higher than
40%? Experience shows that these types of discussions with stakeholders can be productive.
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11 Lesson 6: Monte Carlo Analysis

Overview

What you will learn Use and interpret Monte Carlo simulations in SimaPro to determine the absolute
uncertainty, and to determine how certain you can be if the difference between two
product systems is indeed real.

Required entry level Lesson T and 3 must be completed first. Lesson 6 elaborates on the example of the
coffee machine used in lesson 1. Lesson 3 provides a better understanding of the
disposal scenarios used here.

Recommended reading ‘Introduction to LCA with SimaPro’. Chapter 9 is essential.
Project needed Introduction to SimaPro
Approximate time needed 45-60 minutes

11.1 The problem

LCA data is full of uncertain numbers. These uncertainties can have different causes, like uncertain measurements, or uncer-
tainty about how representative a figure is of the actual problem we are studying. This means we must ask ourselves how
certain or uncertain our results are, especially when we are comparing data.

In this example, we will use the coffee machine example. We focus on whether or not it is useful to recycle the aluminum coffee
machines (model Pro).

11.2 The SimaPro solution

Uncertainty calculations can only be made in SimaPro Analyst, Direct, Developer and PhD. You can specify the uncertainty
on each input and output of a process, or a product stage. Aimost all uncertainty values of flows in the ecoinvent database
are specified as log normal distribution. Please note that with the limited demo version, you may not be able to actually carry
out this example.

SimaPro supports 4 types of distributions, explained below:

Distribution Data needed Graphical presentation
Range Min and max value CC
Triangular Min and max value T
Normal distribution Standard deviation .
Log normal distribution Standard deviation P
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11.3 Recycling of model Pro

The recycling model is described in a Disposal scenario, see also lesson 3. To inspect this, select the Disposal scenario for
model Pro. This can be found under Product stages/Disposal/Coffee machine (demo)/Disposal scenario for model Pro.

Name /|
Disposal scenario for model Pro
Dispose aluminium part

Wizards

(1 Disposal scenario
Coffee machine (demo)

[+-Reuse

Generate a Network to get a window like the one shown below (node cut-off set at 1.7%).

The main
environmental load
comes from the

Reuse avoids
making a new
assembly

In this example we
assume the recycled
aluminum replaces
virgin aluminum.

Aluminum is
partially separated
from the Municipal

Electricity for
disassembly

polypropylene; the
other materials
contribute less than
the cut-off

waste
This results in a ne-
gative score (green
lines and bars)

Network. g | Impact assessment' Inventory I Prgcess cnntrlbuhon' Setup I Checks | Product varwewl
[ e = [ev 7= w&|rm o ale 1] < @S]

[ Assembly

O Life cyde

O Disposal scenario

O Disassembly

O Reuse

0O Material

0O Energy

0O Transport

O Processing

O Use [

O Waste scenario L7 thm

Tr
0O waste treatment Mmmmh“t;

124 kg M T aop
Incinerztion/CH S Assembly
demo? Pro (ahsminium)
0.0652 Br L -0.0131 Bt L
031dks [/ T
Disposal,
potypropylens,
15.9% water, to
0.0375 Pt

Figure 55: Network to inspect recycling
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The main uncertainties in the system are summarized below:
- Transport for collection; uncertainty is at least a factor 2
- Energy consumption for disassembly; uncertainty is a factor 1.5

This data has been specified in the Disposal and Disassembly scenarios as a lognormal distribution with a square root of the
distribution interval of 2. This means 95% of all values are between the estimated value divided by two and the estimated
value times two.

Enter uncertainty data for
the transport distance

Irp-.ltloum. !Pa.a'reiers |

Name
|Disposal scenario for model Pro |

Status INone

Referring to assembly Amount Unit

| Assembly model Pro (aluminium) [1 o |

Processes Amount Unit Distribution  SD2 or 2*SDMin
[Transport, lorry 28t/CH S demo7 1,2 |tkm  [Lognormal |2 |
Transport, van <3.5t/RER 5 demo7 [16 [tam  [Lognormal |2 ]
<[, [T | *

Figure 56: Entering uncertainties
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11.4 Does the recycling system seem to be beneficial?

In order to understand the usefulness of the recycling system, we will now compare two life cycles: one with, and the other
without, recycling. We have seen in example 1 that the life cycle is heavily dominated by the energy consumption, and the use
of filters. As these parameters are the same for both systems, we will use two special versions of the life cycle, see below.

7| LCA Explorer
Wizards

[=)- Product stages Name £ |
-- Assembly Life cyde Pro, no takeback, no use phase

[=)-Life cyde Life cyde Pro, with takeback, no use phase

El Coffee machine (demo)
i Use phase products

.. Others

(- Disposal scenario

[#]- Disassembly
[#-Reuse

Select both life cycles, and click Compare. If we compare per impact category, the picture is mixed. For instance, climate
change will be reduced with recycling, but urban land occupation will be increased.

You will see that on the Single scare level, there is indeed a difference. The recycling system seems to have its benefits.

11.5 Monte Carlo analysis

To address the uncertainties, minimize the comparison window, select both life cycles, and click the Monte Carlo button LL
SimaPro will now start the uncertainty analysis. It does so by repeating the comparison. Each time another value is selected
for the transport and energy, as these were the factors specified with an uncertainty range. The different samples are chosen
in such a way that all samples together conform to the distribution specified in the data.

Calculating uncertainty analysis 954

Mean |0,15 Median |0,158 Confidence Interval: 95%
SD |0,0683 cv |0,456 Stn.err.of mean I0,0 148

0,07
0,06
0,05
0,04
0,03
0,02
0,01

Prohability

0l
-0,118-0,088 -0,048 -0,008 0,032 0,062 0,093 0,123 0,153 0,183 0,213 0,243 0,273

Figure 57: Calculating uncertainty analysis
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Figure 57 shows the distribution of the difference between the weighted single score for each run. An important feature of
SimaPro is that for each comparison the same samples are used. In other words, the correlations are taken into account. To
date, SimaPro is the only software package that can do this. You may stop the calculation after a couple of hundred runs.

11.6 Comparing uncertainty per impact category

After you stop the calculation, a comparison is shown on the impact category level. Each bar represents an impact category.

Characterization

Fossil depletion

Metal depletion

Natural land transformation |

Urban land occupation

Agricultural land occupation

Marine ecotoxicity:
Freshwater ecotoxicity

Terrestrial ecotoxicity

Freshwater eutrophication

Terrestrial acidification

Climate change Ecosystem:

Ionising radiation

Particulate matter formation

Photochemical oxidant formation-|

Human toxicity

Ozone depletion

Climate change Human Health

-100% -30% -80% -70% -60% -50% -40% -30% -20% -10% 0%  10% 20% 30% 40% 50% 60% 70% 80% 90%  100%

BA<B BA>=B

Uncertainty analysis of 1 p 'Life cyde Pro, no takeback, no use phase' (&) minus
1p 'Life cycle Pra, with takeback, no use phase' (B),

Method: ReCiPe Endpoint (H) V1.10 / World ReCiPe H/A , confidence interval: 95 %

Figure 58: Uncertainty analysis

The red bars represent the number of times the scenario without recycling had a lower load than the life cycle with recycling.
For instance, it shows that in 100% of the cases the Metal depletion score is lower without recycling. In about 2% of the
cases the Climate Change Human Health score is lower, meaning that it is almost certain that for climate change recycling
would be better. For some other impact categories it is not so clear if recycling is better.

Please take some time to explore the many other features of this window, and check the comparisons per emission in the
inventory section.
11.7 Absolute uncertainty

You may also want to run the Monte Carlo analysis for the take-back system not for comparison purposes, but to see the
absolute uncertainty. Select this life cycle and click the Monte Carlo button. Please note that this can only be done when
uncertainty data is included.
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Characterization

o
Climate change Human Health Particulate matter formation Terrestrial acidification Freshwater ecotoxidty Urban land occupation  Metal depleti

g

n

W Life cycle Pro, with takeback, no use phase
Uncertainty analysis of 1p Life cyde Pro, with takeback, no use phase’,

Method: ReCiPe Endpoint (H) V1. 10 / World ReCiPe H/A, confidence interval: 95 %
Figure 59: Uncertainty analysis take-back system

In this graph, the 95% confidence interval is given for each impact category, and as you can see the range is considerable.
Technically it would be no problem to show such a range in a comparison, but this would only create confusion, as the
absolute uncertainty of a single system is usually much higher than the differential uncertainty, due to the correlations.

It is also possible to inspect the uncertainty of an individual emission, or for an impact category. Figure 60 shows the
uncertainty graph for climate change.

Characterization ~ Damage Assessment | Normalization | Weighting ‘ Single score ‘
E‘ﬂﬂ i Indicator ‘Chmate change Human Health j

Characterization Climate change Human Health

|

NI S SN e w——
1.549e-5 1.58e-5 1.63e-5 1.67e-5

ol - -
9.97e6 104-5 1085 112e-5 1.17e-5 121e-5 1.25-5 1.29%-5 1.33-5 1385 142e-5 146e-5 15e-5
DALY

I | ife cycle Pro, with tskeback, no use phase
Uncertainty analysis of 1 p 'Life cyde Pro, with takeback, no use phase’,

Method: ReCiPe Endpeint (H} V1,10 / World ReCiPe H/A, confidence interval: 95 %

Figure 60: Uncertainty analysis for individual emission or impact category
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11.8 Final remark on this example

The example shown here is somewhat artificial, as only a few flows have an uncertainty range. If you use the ecoinvent
database, most flows have uncertainty data. This will provide real insight in the uncertainty analysis.

11.9 Uncertainty of parameters

Parameters can also contain uncertainty information, and this information is evaluated in the same way as in the Monte
Carlo analysis. There are many applications for this feature, but here we show how you can add an uncertainty factor to an
allocation parameter.

In the figure below we show how you can define a parameter for the uncertainty on the allocation of Chlorine production, if
you use economic allocation. Note that the sum of the allocation factor for Chlorine and Sodium will always add up to 100%,
even while in a Monte Carlo procedure.

Define parameters for
allocation and transport
mode

Define expressions, in
this case for the sodium
allocation factor. The

formula in this example
is very simple, but you

Define uncertainty
range for the allocation
percentage; you can

also apply normal,
lognormal and triangular

Parameters that are only
relevant within a process
can be hidden, so they do
not appear in parameter
lists elsewhere

can define all kinds of
expressions.

Documentstion I Inputfoutput Parameters I System description

distributions

Input parameters
Mame Valu Distribution S| or 2*5D Min

Hide Comm;/

X
a5 - .aﬂétion % for chlorine based on market price

d_econ_all \ 6[}/ Uniform 45

barge \ /f Undefined [T |setbarge=1if a ship is used
(Insert line here)

Calculated parameters

Mame Expression Comment

|na_econ_a|| 4 |100-d_emn_all |allon3h'on % for sodium, This definition ensures that the total

|percentages add up to 100%, even during Monte Carlo runs.

(Insert line here)
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Below we show how you can apply these parameters.

Define Chlorine and
Sodium as multiple

Define allocation
percentages as

outputs parameters. SimaPro adds

the current value (=60%)

Documentation  Inputfoutput |Par imeters | System description |

/ AN -
| / \ Products i

Known outputs to technospheye. Products and co-products

Mame Amount Unit Quantity Allocation %%

Chlarine {cl) 7 Isan ka Mass d_econ_all = 60% N

Sodium (na) 470 ka Mass na_econ_all = 40%: L
(Insert line here) 0

Known outputs to technosphere, Avoided products

Use formulas to replace the
barge with a truck, depending on

the setting of parameter ‘barge’

Name

Sub-compartment Amount Unit Distribution SD~2or 2°5D Min

({Insert line here)
Known inputs from technosphere (materials/fuels)
Name Unit Distribution SD~2 Min Max Comment
‘Transport, freight, inland waterways, barge {GLO}| market for | Alloc Def, 5 ‘barge‘zﬂﬂ =m0 |Hcm | | | | |iFharge=1, ship is used |
‘Transpcrt, freight, lorry 16-32 metric ton, EURO4 {GLO} | market for | Alloc Def, 5 ‘mﬂﬂl—harge)*ﬂm =100 |ﬂcrr| | | | | |inargE=0, truck is used |
(Insert line here)
Knaown inputs from technosphere (electricity heat)

-
< | m

-

This example gives only one of many applications of uncertainty functionality on parameters.
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12 Further Developing your Skills

When you have completed most of the lessons in this tutorial, you should be able to carry out detailed LCA studies with
SimaPro. You will experience that making LCAs is a skill you will continue develop with each study. as each LCA has its own
specific issues. Make sure to carefully select and document your approach as you go along.

We would like to end this tutorial with the following suggestions for further learning:

» Meet other practitioners. If you want to meet other LCA practitioners, exchange views, and learn from others, we
suggest you go to conferences. At www.pre-sustainability.com/events you can find an overview of the most important con-
ferences, and where you can meet representatives of PRé or its international partner network. Particularly interesting are
the SETAC conferences. During these conferences you can meet many experts and join all kinds of international working
groups, such as those organized by the UNEP Life cycle Initiative.

« More training. If you want additional training, you can also look at http://www.pre-sustainability.com/training-calendar-
pre-consultants to find out where trainings are provided by PRé or the international partner network.

» More reading. There are a number of books on LCA. Unfortunately many seem to be rather theoretical (that is why
we developed our own Introduction to LCA with SimaPro) but we can recommend the book of Bauman and Tillman, “The
Hitchhiker's Guide to LCA'.

« Magazines. There are several scientific magazines that cover LCA, but the most important are:
o The journal of Cleaner Production (www.journals.elsevier.com/journal-of-cleaner-production/)
o The international Journal of LCA (www.springer.com/environment/journal/11367)

« Internet. There are of course endless possibilities to learn, but we would like to mention:
0 The LCA discussion list provides access to nearly 2500 LCA experts. See http://www.pre-sustainability.com/Ica-
discussion-list
o wwwlcacenter.org

If you need any help with SimaPro, contact our helpdesk, consultants or international partner network via wwwipre-sustainability.com.

We wish you success and hope that through your activities, you can support decisions that will lead to more sustainable
products and services at your organization.
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