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Purpose of this Handbook

The purpose of this handbook is to support students and teachers learning about Life
Cycle Assessment (LCA).

We understand that learning new concepts can be difficult. And everyone has different
ways of learning. Some people require visual stimulus, some aural. Some need to draw
relationship charts. Some need to read and read and read and some are lucky enough
just to absorb everything.

Through the GaBi Learning Centre weolbre trying
the largest number of you.

This handbook is intended to support the video tutorials also found in the GaBi Learning
Centre but can also be used completely independent from them. After completing the
video tutorials or stepping through the content contained in this handbook you should:

e Understand the concept of LCA;
e Be able to conduct an LCA using the GaBi software.

Chapter 1 briefly outlines the d&vhodand évhatdof LCA. Chapter 2 provides an extensive
introduction to LCA methodology. Chapter 3 outlines a step by step procedure for building
a model in GaBi.

Please note that one example (a paper clip) is used throughout the video tutorial series
and this handbook.
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This section of the handbook introduces the concept of Life Cycle Asessment (LCA). It is
accompanied by Video 2, of the GaBi Education video tutorial series.

1 Introduction to Life Cycle Assessment

PP e 1)

ation, Human-Toxicity, Eco-
Toxicity, Land use, Resource Consumption (Materials

Impact
assessment

Life cycle @ @ Q Q O

inventory

emissions ﬂ ﬂ ﬂ
waste
Life cycle steps aeviisi e e
Output (Output ) (Output )
felements Cinput ) = Uinput. ) = [input ) =

resources ﬂ ﬂ ﬂ

Life cycle raw material  production of  production of utilization recycling,
phases extraction intermediates main products recovery,
deposition...
Figure 1: Overview of Life Cycle Assessment

1.1 Whatis LCA?

There are two LCA standards created by the International Organization for
Standardization (1SO): the 1SO 14040 and ISO 14044. Life Cycle Assessment, as defined

by the 1ISO 14040 and I1SO 14044, is the compiling and evaluation of the inputs and

outputs and the potential environmental impacts of a product system duringa pr oduct 6 s
lifetime.

1.2 Who uses LCA?
LCAs are used by a variety of users for a range of purposes.

According to the ISO standards on LCA, it can assist in:

e |dentifying opportunities to improve the environmental aspects of products at
various points in their life cycle;

e Decision making in industry, governmental or non-governmental organizations
(e.g. strategic planning, priority setting, product and process design or
redesign);

e Selection of relevant indicators of environmental performance, including
measurement techniques; and

e Marketing (e.g., an environmental claim, eco-labelling scheme or environmental
product declarations).
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The following is just a brief list of the groups that use LCAs and of the possibilities that an
LCA could be used for.

1.2.1 Industry

Large companies use LCAs as a way of identifying environmental hot spots and to
develop and advertise their environmental management strategies. LCA studies are often
conducted by industry associations and environmental concepts and tools research
organizations including the: Canadian Wood Council; International Copper Association;
International Lead and Zinc Research Organization; International lron and Steel Institute;
International Aluminum Institute and the Nickel Development Institute.

1.2.2 Government

Governmental departments around the world are active promoters of LCA. Governments
use LCA for data collection and developing more effective environmental policies related
to materials and products.

1.2.3 Universities
There are many universities researching and developing LCA methodology and data.

1.3 How is an LCA created?

The I1SO 14040 standard provides an introduction to LCA and contains applicable
definitions and background information. The ISO 14044 describes the process of
conducting an LCA.

The detailed procedure for LCA, outlined in Chapter 2, is in accordance with the ISO
standards 14040 and 14044.

1.4 GaBi overview

With features refined through experience on thousands of PE consulting projects, GaBi 4
supports every stage of an LCA, from data collection and organization to presentation of
results and stakeholder engagement. GaBi automatically tracks all material, energy, and
emissions flows, as well as defined monetary values, working time and social issues,
giving instant performance accounting in dozens of environmental impact categories.

With a modular and parameterized architecture, GaBi allows rapid modeling even of
complex processes and different production options. This architecture also makes it easy
to add other data such as economic cost or social impact information to a model, making
GaBi a holistic life cycle analysis tool.

The GaBi 4 platform is complemented by the most comprehensive, up-to-date Life Cycle
Inventory database available. The databases maintained by PE provide over 2,000 cradle-
to-gate material data sets, 8,000 intermediary chemical process models, and thousands of
LCA projects from quality-controlled industry projects. The data set contained in this
educational version of GaBi, GaBi Education, is a small fraction of the available data
within PE.
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Life Cycle Assessments are conducted according to the ISO 14040 and 14044 standards.
LCAs consist of four steps, as shown in Figure 2:

2 Conducting Life Cycle Assessments

1. Goal and Scope Definition
2. Inventory Analysis

3. Impact Assessment

4. Interpretation

These four steps are described in detail in the following sections.

/ LCA framework \

Goal and scope
definition §4.2 1SO 14044

Inventory analysis

§4.3 1SO 14044

Interpretation

Impact assessment
§4.4 1SO 14044

Figure 2: Steps of a Life Cycle Assessment According to 1ISO 14044

2.1 Goal and Scope Definition

According to the 1ISO 14040 standard the first phase of an LCA is the definition of the goal
and scope. In this step all general decisions for setting up the LCA system are made. The
goal and scope should be defined clearly and consistently with the intended application.
An LCA is an iterative process and this allows redefining the goal and scope later in the
study based on the interpretation of the results.

2.1.1 Goal
In the goal definition, the following points need to be determined:

10
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e The intended application of an LCA study - An LCA can be used for many
different applications such as marketing, product development, product
improvement, strategic planning, etc.

e The purpose of an LCA study i The purpose of an LCA can also vary greatly
and will dictate the scope of the study. If the study is intended to be published,
the scope will be more comprehensive and include a greater data collection
effort and a formalized review process. If the LCA will be used internally, no
critical review is necessary; the scope will be dictated by the companyd s
objective and their access to data.

e The intended audience of an LCA report i The audience can be the
shareholders, executives, engineers, consumers, etc. Depending on the
clientds objective

e Usage for comparative analysis i If the LCA results are intended to be used
for comparative reasons must be determined. If they are going to be published
a critical review is obligatory.

2.1.2 Scope

During the scope definition the product or process system under study is characterized, all
assumptions are detailed and the methodology used to set up the product system is
defined. The following factors require definition before the LCA is done i a detailed
description of each factor is provided in the following sections.

e Function of the prooduct

e Functional unit

o Reference flow

e Description of the system

e System boundaries

e Allocation procedures

e Impact categories and the impact assessment method

e Data requirements

e Data assumptions

e Limitations

e Data quality requirements

o Peer review

e Reporting type
The most important issues are described in detail in the sections below. For further
information please refer to the ISO 14040 and 14044 standards.

2.1.2.1 Function of the System

To describe a product the productd function has to be defined. To do that the demands on
the product have to be defined. In the case where different products are to be compared,
the different functionalities of each of the products should be documented exactly.
Sometimes products have a large variety of functions which makes it quite difficult to
compare them with regard to the full range of functionalities. When, for example, the
environmental impacts of mobile phones are to be compared, it should be clearly defined

11
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which functions they should have and how differences are taken into consideration in the
case where one product has more functions than the other.

2.1.2.2 Functional Unit

The functional unit is the quantified definition of the function of a product. For example, the
functional unit of an aluminum beverage can might be defined as packaging 330ml of
beverage, protecting it from UV radiation and oxidation and keeping in the carbonic acid
for at least half a year. The ability to drink the beverages directly out of the packaging
might be an additional function which should be taken into account.

In order to compare two products, their functional units must be equivalent. For example,
both glass bottles and cartons are used for milk packaging. Since the most common size
for each packaging type might differ, the functional unit is set to be the packaging for 1000
liters of milk in order to compare the two packaging systems properly.

Defining the functional unit can be difficult because the performance of products is not
always easy to describe or isolate.

Part of defining a functional unit is the definition of a reference flow. The reference flow is
the measure of product components and materials needed to fulfill the function, as defined
by the functional unit. All data collected during the inventory phase is related to the
reference flow. In other words, all data used in the LCA must be calculated or scaled in
accordance with this reference flow.

2.1.2.3 System Boundaries
The system boundary defines which processes will be included in, or excluded from, the
system; i.e. the LCA.

It is helpful to describe the system using a process flow diagram showing the processes
and their relationships. Figure 3 shows a generic process flow diagram with all processes
included in the LCA shown inside the box marked as the System Boundary.

12
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System environment System boundary
Raw material
Other acquisition
systems
Product \ » Elementary
> flows
flow Production
Elementary Energy
flows " supply = Use
t Y
- Product Other
R?ﬂzg’ — | | flow 7| systems
L
Waste »
treatment
Figure 3: Process Flow Diagram

A systemd boundaries are defined by cut-off criteria. Cut-off criteria are used to define the
parts and materials included in and excluded from the product system. For example, cut-
off criteria can be used to determine that any material production process that contributes
less than 5% to the p r 0 d weetalbvgeight can be exluded. Cut-off criteria might also be
based on the number of processing steps in a process chain or the estimated contribution
of a process to the overall environmental impact of the system.

Often a combination of different cut-off criteria has to be used in order to define the
system boundaries properly. For example, when the system boundaries are defined by
cut-off criteria according to mass, an additional check should be carried out to determine
whether or not small but very effective amounts of strong pollutants and toxins are cut off
the system. To avoid that, additional cut-off criteria according to impact can be applied.

There are four main options to define the system boundaries used (shown in Figure 4):

e Cradle to Grave: includes the material and energy production chain and all
processes from the raw material extraction through the production, transportation
and use phase up to the productd end of life treatement.

e Cradle to Gate: includes all processes from the raw material extraction through
the production phase (gate of the factory); used to determine the environmental
impact of the production of a product.

e Gate to Grave: includes the processes from the use and end-of-life phases
(everything post production); used to determine the environmental impacts of a
product once it leaves the factory.

13
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e Gate to Gate: includes the processes from the production phase only; used to
determine the environmenatl impacts of a single production step or process.

The ISO 14044 standard details the selection of a system boundary for LCA studies.

Unit processes
Standard processes “Gate to gate” I
-~ A
SRR

\ © \
\;\\\-\,
\
al \ \ intermediates
i \,

-

-

: \ "‘,;\\ ,1\:‘ —a— - §
foxpotatin froducion
I ) ‘\ 1

»

[oneray

Gate to grave

Cradle to gate

Cradle to grave

Figure 4: System Boundaries.

2.1.2.4 Allocation and System Expansion
In many processes more than one product is produced. In such a case all inputs and
outputs of the process have to be allocated to the different products

Allocation is the partitioning and relating of inputs and outputs of a process to the
relevant products and byproducts. The allocation to different products can be done
according to one of the rules defined below.

e Allocation by Mass: The inputs and outputs of a process are assigned to all of its
products proportionally to their mass

e Allocation by Heating Value: The inputs and outputs of a process are assigned
to all of its products according to their heating value. This allocation method is
often used for production processes of fuels.

e Allocation by Market Value: The inputs and outputs of a process are assigned to
all of its products according to their market value.

o Allocation by Other Rules: This can include exergy, substance content, etc.

14
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Product A
(0.9 kg, 99 MJ, 99 §)

Resources
Product B
(0.1 kg, 1MJ, 1 §)

Emissions

Figure 5: Allocation Example

Figure 5 shows an example of a process where two products are produced. The
resources used in this process and the emissions and wastes of the process have to be
allocated to the two products. When the allocation is done proportionally to the product®
masses, product A would be assigned 90% of the resources and emissions, since the
mass of product A is 90% of the overall mass of all products. If the allocation was done
according to the products heating value, product A would be ascribed 99% of the
resources and emissions.

Since the choice of the allocation method can have a significant impact on the LCA results
the 1SO suggests that allocation should be avoided whenever possible. If it can not be
avoided, the allocation method should be described and the sensitivity of the results on
different allocation methods should be described. The ISO also suggests that allocation
according to physical relationships such as product mass or heating value rather than
using non-physical relationships beween the products (for example the market price).

There are two ways to avoid allocation, substitution and system expansion. The topic of
allocation requires much more explanation and is not covered in more detail here.

2.1.2.5 Data Quality Requirements

Data quality requirements must be documented to define the required properties of the
data for the study. Descriptions of data quality are important because the data quality has
a significant influence on the results of the LCA study. Data quality requirements have to
be determined at the beginning of the study. Mostly, data quality is a trade off between
feasibility and completeness.

The quality of a dataset can only be assessed if the characteristics of the data are
sufficiently documented. Data quality does, therefore, correspond to the documentation
quality.

The following issues should be considered for the data quality:

15
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e Data acquisition: Is the data measured, calculated or estimated? How much of
the data required is primary data (in %) and how much data is taken from literature
and databases (secondary data)?

e Precision: Is the data a precise representation of the system?
e Completeness: Are any data missing? How are data gaps filled?

e Representativity, consistency, reproducibility: Is the data representative and
can it be reproduced?

e Time-reference: When was this data obtained and have there been any major
changes since the data collection that might affect the results?

e Geographical reference: For what country or region is this data relevant?

e Technology (Best Available Technology) 1 Is the secondary data from literature or
databases representative for state-of-the-art-technology or for older technology?

In GaBi you can add documentation to the process data.
e Nation and region - The country or region the data is from
e Reference Year - Time of data collection

e Completeness - The breadth of data collected. Choose from: All Flows Cap-
tured, All Relevent Flows Recorded, Individual Relevent Flows Recorded,
Some Relevent Flows Not Recorded

e Allocation
e Data source

Additionally the data can be described very detailed in a separate documentation tab.

2.2 Life Cycle Inventory

2.2.1 General

The Inventory Analysis is the LCA phase that involves the compilation and quantification
of inputs and outputs for a given product system throughout its life cycle or for single
processes. The inventory analysis includes data collection and the compilation of the data
in an Life Cycle Inventory (LCI) table.

16
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|

|
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Collected data
y

Validation data

Validated data Allocation

' includes
Relating data to unit process reuse and
recycling

Validated data per unit process

Relating data to functional unit

Validated data per functional unit

Data aggregation

Additional data
or unit processes
required

Calculated inventory

Refining the system boundary

Completed inventory

Figure 6: Data Collection and Calculation Process

Figure 6 shows the process of setting up an LCI. The process of conducting an LCI is
iterative. As data is collected and more is learned about the system, data requirements or
limitations may be redefined or a change in the data collection procedures in order to
meet the goal of the study may be required. Sometimes issues may be identified that
require revisions of the goal or scope definition of the study. After all process data is
collected, an LCI table for the whole product system is created. The LCI is often presented
as a table listing of all the material and energy inputs and outputs for the sytem.

Detailed information on data collection and calculation can be found in the ISO 14044.

2.2.2 Data Collection - Classifications

This phase is the most work intensive and time consuming of all the phases in an LCA. It
includes collecting quantitative and qualitative data for every unit process in the system.
The data for each unit process can be classified as follows:

e energy inputs e Cco-products

e raw material inputs e wastes

e ancillary inputs e emissions to air, water and soll
e other physical inputs e other environmental aspects

e products

17



Conducting Life Cycle Assessments %

Practical constraints on data collection should be documented in the scope definition.

Figure 7 shows a simple diagram that can be used to support data collection. It allows the
user to enter the various quantified input and output flows.

Input: Qutput:
Polypropylene scrap PP scrap (washed)
500 kg Process: 495 kg
Thermal energy Washing and drying of PP (consumer waste)
712MJ PP scrap 5kg
Power Waste water
74.5 kWh 4,800 kg
Process water
4,800 kg
»irhat i the weight of one complete batteny housing?
S0t g
energy =Wrhich material inputs are used (zpe cification]?
materials aperating mat. Used baffery housings made of polparogplens
*How iz the cooling water reated (closed or open loop)®
process Mo cooling walfer necessay
waste <J I_pb‘f =Compressed air: power demand of the compressar, air pressure?
losses en'issior:mmms Dor'd know fhe power demrand, 3ir aressure is Thar 5TR
products
= Ganaration of thermal energy (which kind of fusl & usad)?
-ﬂ MWafursl gas
Figure 7: Example Data Collection Sheet

2.2.3 Calculation of the LCI
Before calculating the life cycle inventory, the following three steps should be completed:

o Data Validation - Validating the collected data is a continuous process. This can
be done with mass or energy balances as well as with a comparison to similar
data. Also, methods have to be in place to handle data gaps.

e Relating Data to Unit Processes - The data has to be related to unit processes

e Relating Data to Functional Unit - The data has to be related to the functional
unit.

These steps are necessary to generate the LCI for each unit process and for the overall
product system. The LCI of the whole product system is the sum of all LClIs of all involved
processes.

The LCI can be calculated using the GaBi software. In GaBi, the LCI of the whole system
is generated automatically once a system of processes is set up. In addition, the LCls for
a huge variety of processes are already stored in the database and only have to be
connected to model a system. This process of modelling is described in detail in Chapter
Fehler! Verweisquelle konnte nicht gefunden werden. of this handbook.

18
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2.3 Life Cycle Impact Assessment

The Life Cycle Impact Assessment (LCIA) identifies and evaluates the amount and
significance of the potential environmental impacts arising from the LCI. The inputs and
outputs are first assigned to impact categories and their potential impacts quantified
according to characterization factors. Figure 8 shows the conversion from emissions to
impact potentials via classification and characterization.

IMPACT
LCI CATEGORIES FACTORS LCIA

Emissions to air

1.3kg CO, * 1
co 13kg— __— 3kgCO *3 — 160.3 kg CO,Eq.
CO2 3.I<g//// 6 kg CH, * 25

CH, 6 kg
SOZ 0.001 kg‘""k-\,‘_ 0.001 |(g SOZ * 1

NO, 0.08kg_ 3
HCI 0.9 kg— _ 0.08 kg NO,* 0.7

0.9 kg HCI * 0.88

0.849 kg 50,Eq.

Emissions to water

0.08 kg NO,* 0.13
2kg PO, * 1 — 2.043 kg PO,Eq.
0.1kg NH;* 0.33

PO, 2kg —
NH, 0lkg— —

CLASSIFICATION CHARACTERISATION

Figure 8: Classification and Characterization

The Life Cycle Impact Assessment involves several steps according to the 1ISO standard.
These can be found in more detail in the ISO 14044 standard.

Within the scope of a study certain elements are defined for the LCIA. Mandatory
elements include the selection of relevant impact categories, classification and
characterization. The optional elements of the study are normalization, grouping and
weighting.

2.3.1 Impact Assessment Methods

There are different methods that can be used to perform a Life Cycle Impact Assessment.
These methods are continuously researched and developed by different scientific groups
based on different methodologies. This handbook does not explain the development of the
different methods, but it does describe them.

In life cycle impact assessment methods, such as TRACI or CML, two main approaches
are used to classify and characterize environmental impacts: the problem-oriented
approach (mid point) and the damage-oriented approach (end point).
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In the problem-oriented approach flows are classified as belonging to environmental
impact categories to which they contribute. With the help of the CML and TRACI methods
more than a thousand substances are classified and characterized according to the extent
to which they contribute to a list of environmental impact categories. Figure 9 shows the
different impact categories used in the CML and TRACI methods.

Global Warming Potential (GWP [kg COZ-Equiv.] Global Warming Air [kg CO2-Equiv.]
100years)
Ozone Layer Depletion Potential [kg R11-Equiv.] Ozone Depletion Air [kg CFC 11-Equiv.]

(ODP, steady state)

Acidification Potential (AP) [kg SO2-Equiwv.] Acidification Air [mol H+ Equiv.]

Eutrophication Potential (EP) [kg Phosphate-Equiv.] Eutrophication Air [kg N-Equiv.]
Eutrophication Water

Photochem. Ozone Creation [kg Ethene-Equiv.] Smog Air [kg NOx-Equiv.]
Potential (POCP)

Human Toxicity Potential (HTP [kg DCB-Equiv.] Human Health Cancer Air [kg Benzene-Equiv.]
inf.) Human Health Cancer Water
Terrestric Ecotoxicity Potential
(TETPint)
Freshwater Aquatic Ecotoxicity. [kg DCB-Equiv.] Ecotoxcity Air [kg 2,4-Dichlorophencxyace]
Pot. (FAETPinf.) Ecotoxcity Water
Marine Aguatic Ecotoxicity Pot.
(MAETPInf)
Abiotic Depletion (ADP) [kg Sb-Equiv.] Human Health Criteria Air-Point [kg PM2,5-Equiv.]
Source
Human Health Non Cancer Air [kg Toluene-Equiv.]

Human Health Non Cancer Water

Figure 9: Comparison of the TRACI and CML Methods

The so-called CML method is the methodology of the Centre for Environmental Studies
(CML) of the University of Leiden and focuses on a series of environmental impact
categories expressed in terms of emissions to the environment. The CML method
includes classification, characterization, and normalization. The impact categories for the
global warming potential and ozone layer depletion are based on IPCC factors. Further
information is available at the Centre for Environmental Studies (CML), University of
Leiden:

For the tutorial example the CML method is used.

Another method is the Tool for the Reduction and Assessment of Chemical and other
Environmental Impacts, called TRACI. This problem-oriented method is developed by the
U.S. Environmental Protection Agency (EPA) and is primarily used in the US.
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The damage-oriented methods also start with classifying a system's flows into various
impact categories, but the impact categories are also grouped to belong to end-point
categories as damage to human health, damage to ecosystem quality or damage to
resources. Ecolndicator 99 is an example of a damage-oriented method. The used end
points are easier to interpret and to communicate.

2.3.2 Selection of Impact Categories

A number of impact categories are typically chosen as the focus of an LCA study. This
choice of impact categories depends on the goal of the study. The selected impact
categories should cover the environmental effects of the analyzed product system. The
choice of impact categories and the choice of the impact assessment method should be
documented in the goal and scope definition.

2.3.3 Classification

The results of the Life Cycle Inventory phase include many different emissions. After the

relevant impact categories are selected, the LCI results are assigned to one or more

impact categories. If substances contribute to more than one impact category, they must

be classified as contributors to all relevant categories. For example, CO, and CH, are

both assigned to the impact category nAgl ob aNO,wmigsions oag bepot ent i
classified to contribute to both eutrophication and acidification and so the total flow will be

fully assigned to both of these two categories. On the other hand, SO, is apportioned

between the impact categories of human health and acidification. Human health and

acidification are parallel mechanisms and so the flow is allocated between the two impact

categories.

2.3.4 Characterization

Characterization describes and quantifies the environmental impact of the analyzed

product system. After assigning the LCI results to the impact categories, characterization

factors have to be applied to the relevant quantities. The characterization factors are

included in the selected impact category methods like CML or TRACI. Results of the LCI

are converted into reference units using characterization factors. For example, the

reference substance for the impact category i gl ob al war misiC@, apdaltee nt i al ¢
reference unit is defined as i k @O,-equivalentd All emissions that contribute to global

warming are converted to kg CO,-equivalents according to the relevant characterization

factor. Each emission has its own characterization factor.
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IMPACT
LCI CATEGORIES FACTORS LCIA

B GWP

CH, 6 kg

CLASSIFICATION CHARACTERISATION

Figure 10: Characterization Example

Figure 10 shows the classification and characterization of methane according to CML
2001 with the characterization factor from December 2007. Methane contributes to the
global warming potential (GWP). Therefore, during the classification step, methane is
classified as a contributor to the global warming potential impact category. According to
the CML method, methane has a characterization factor of 25. This means that CML has
determined that methane contributes 25 times more than carbon dioxide to the global
warming potential when a time frame of a hundred years is taken into account. The 6 kg of
CHj-emissions in this example contribute 150 kg CO,-equivalents to the total GWP.

2.3.5 Optional elements of an LCA

Normalization, evaluation, grouping and weighting are all optional elements that are
performed to facilitate the interpretation of the LCIA results. It is essential that these
actions are transparently documented since other individuals, organizations and societies
may have different preferences for displaying the results and might want to normalize,
evaluate, group or weight them differently.

2.3.5.1 Normalization

Normalization involves displaying the magnitude of impact indicator results relative to a
reference amount. For example this can be done for comparison with a reference system.
The impact potentials quantify the potential for specific ecological impacts. In the
normalization step the impact category results are compared to references in order to
distinguish what is normal or not. For the normalization, reference quantities for a
reference region or country (e.g. Germany) during a time period (e.g. 1 year) are used.
This could be, for example, the overall emission of CO2-equivalents in Germany within
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one year, or, the CO2-equivalents of one person in Western Europe per year. When the
results of all impact categories are compared to their references, they can be compared to
each other more easily, since it is possible to say which impact indicator result contributes
more or less to the overall entity of this impact category.

Figure 11 shows impact categories normalized for different regions.

3.0E-11
2.5E-11
2.0E-11
= ysa
1.5E-11 4 O North Americal
m World
1.0E-11 -
5.0E-12 ~
0.0E+00 ——
GWP 100 ODP [-] AP [] EP[-] POCP [1]
Year [-]
Figure 11: Normalized impact categories for different regions

Normalized impact indicator results are non-dimensional quantities that allow for
comparison between different impact categories; which impact category has a normal
amount and which one is relatively larger? The normalized results of all chosen impact
categories can also be displayed in a single graph, since they do not have different
physical units anymore.

2.3.5.2 Grouping

Grouping involves the sorting and ranking of the impact categories. It is an optional
element with two possible approaches. The impact categories could be sorted on a
nominal basis by characteristics such as inputs and outputs or global, regional or local
spatial scales. The impact categories could also be ranked in a given hierarchy, for
example in high, medium, and low priority. Ranking is based on value-choices. Different
individuals, organizations, and societies may have different preferences. It is therefore
possible that different parties will reach different ranking results based on the same
indicator results or normalized indicator results.

2.3.5.3 Weighting

Weighting is an optional element of the LCA and is based on value-choices and not on

scientific principles. Weighting is used to compare different impact indicator results

according to their significance. This weighting of the significance of an impact category is

expressed with weighting factors. Those weighting factors are appraised through surveys

among different groups (for example experts with hierarchical, egalitarian or individual
approach, popul ationé). Weighting can al so be
indicator results to a single score result.
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2.4 Interpretation

In the interpretation phase the results are checked and evaluated to see that they are
consistent with the goal and scope definition and that the study is complete. This phase
includes two primary steps:

1. identification of significant issues;
2. evaluation (described below).

The life cycle interpretation is an iterative procedure both within the interpretation phase
itself and with the other phases of the LCA. The roles and responsibilities of the various
interested parties should be described and taken into account. If a critical review has been
conducted, these results should also be described.

2.4.1 lIdentification of significant issues

The first step of the life cycle interpretation phase is to structure the results from the LCI
and LCIA, and identify the isi gni f i ¢ a ndata dlements ¢hatocontobhute most
significantly to the results of both the LCI and LCIA for each product, process or service.

The identification of significant issues guides the evaluation step. Because of the
extensive amount of data collected, it is only feasible, within reasonable time and
resources, to assess the data elements that contribute significantly to the outcome of the
results. Significant issues can include:

e Inventory elements such as energy consumption, major material flows, wastes and
emissions etc.

e Impact category indicators that are of special interest or whose amount is of
concern.

e Essential contributions of life cycle stages to LCI or LCIA results such as individual
unit processes or groups of processes (e.g., transportation, energy production).

The results of the LCI and the LCIA phases are structured to identify significant issues.
These issues should be determined in accordance with the goal and scope definition and
iteratively with the evaluation phase. The results can be presented in form of data lists,
tables, bar diagrams or other convenient forms. They can be structured according to the
life cycle phases, different processes (energy supply, transportation, raw material
extraction etc), types of environmental impact or other criteria.

2.4.2 Evaluation

The goal of the evaluation is to enhance the reliability of the study. The following three
methods should be used for the evaluation:

e Completeness check: In the completeness check, any missing or incomplete
information will be analyzed to see if the information is necessary to satisfy the
goal and scope of the study. Missing data have to be added or recalculated to fill
the gap or alternatively the goal and scope definition can be adjusted. If the
decision is made that the information is not necessary, the reasons for this should
be recorded.

e Sensitivity check: The sensitivity check determines how the results are affected
by uncertainties in the data, assumptions, allocation methods, calculation
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procedures, etc. This element is especially important when different alternatives
are compared so that significant differences or the lack of them can be understood
and reliable.

e Consistency check: The consistency of the used methods and the goal and
scope of the study is checked. Some relevant issues to check could be: data
quality, system boundaries, data symmetry of time period and region, allocation
rules and impact assessment.

2.4.3 Conclusions, recommendations and reporting

The goal of the life cycle interpretation phase is to draw conclusions, identify limitations
and make recommendations for the intended audience of the LCA. The conclusions are
drawn from an iterative loop with the other elements of the interpretation phase in the
sequence that follows:

e |dentify the significant issues;

e Evaluate the methodology and results for completeness, sensitivity and
consistency; and

e Draw preliminary conclusions and check that these are consistent with the
requirements of the goal and scope of the study.

If the conclusions are consistent, they are reported as final conclusions. Otherwise one
might return to the previous steps until consistent conclusions are obtained.

A thorough analysis of the data quality requirements, the assumptions, and the predefined
values needs to be done. When the final conclusions of the study are drawn,
recommendations to decision-makers are made to reflect a logical and reasonable
consequence of the conclusions.

2.4.4 Report

The results of the Life Cycle Assessment should be assembled in a comprehensive report
to present the results in a clear, transparent and structured manner. The report should
present the results of the LCI and LCIA and also all data, methods, assumptions and
limitations in sufficient detail.

The reporting of the results should be consistent with the goal and scope definition. The
type and format of the report is defined in the scope definition and will vary depending on
the intended audience.

The 1SO 14044 requires full transparency in terms of value choices, rationales, and expert
judgments. If the results will be reported to someone who is not involved in the LCA study,
i.e. third-party or stakeholders, any misrepresentation of the results should be prevented.

The reference document should consist of the following elements (ISO 14044):

1. Administrative Information
a. Name and Address of LCA Practitioner (who conducted the LCA study)
b. Date of Report
c. Other Contact Information or Release Information

2. Definition of Goal and Scope
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3. Life Cycle Inventory Analysis (data collection, calculation procedures, LCI

table)

4. Life Cycle Impact Assessment (methodology, results)
5. Life Cycle Interpretation

a. Results
b. Assumptions and Limitations
c. Data Quality Assessment

6. Ciritical Review (internal and external)

a. Name and Affiliation of Reviewers
b. Critical Review Reports
c. Responses to Recommendations

If the study extends to the LCIA phase and is reported to a third-party, the following
information should be reported:

245

a description of the data quality;

the relationship between LCI and LCIA results;
the selection of impact categories;

the impact assessment method;

the indicator results profile

normalization references

weighting procedure

Critical Review

The ISO standards require critical reviews to be performed on all Life Cycle Assessments
supporting a comparative assertion. The type and scope (purpose, level of detail, persons
to be involved in the process etc.) of the critical review is described in the LCA report. The
review should ensure the quality of the study as follows:

LCA methods are consistent with the 1ISO standards;

Data are appropriate and reasonable in relation to the goal of the study;
Limitations are set and explained;

Assumptions are explained; and

Report is transparent and consistent and the type and style are oriented to the
intended audience.

The critical review can be done by an external or internal expert, or by a panel of
interested parties.

26



Procedure %

This chapter outlines a step by step procedure for conducting an LCA in GaBi. The
example used in this manual and in the online video tutorial involves the modelling of the
life cycle of 1000 steel paper clips based on German and European datasets.

3 Procedure

The procedure outlined below contains two types of text:
1. Numbered text indicates that a step should be completed.

Text in italics provides explanatory comments about why you might do something or how
something works.

You will also notice that there are headings scattered throughout the procedure. These
correspond (mostly; there are a couple of extra headings here) with the contents found in
the video tutorial.

The idea is that it is as easy as possible to work together with a friend, or in a group as
well as to stop and continue whenever at any point.

VielSpaR!(t hat 6s Ger man for have fun)

3.1 Opening GaBi
1. Open GaBi now.

The first thing you need to do is connect a database to the software. It could be the case
that there is already a database connected. In the GaBi DB Manager you can see if there
is already a database connected. Do you see something listed here?

Database Edit Extras Wiew Help

Object hierarchy

le GaBi 4 - Portal
e LK
Gabi 4
15aBi 4 Mews -
FAQ GaBi Software
Database documentation

Gabi 4 manual

External documentations
1336 4.3 Wersion Histary
Yisit us

LEP dept. GaBi

PE Inkernational
Salespartner worldwide

Online Service
Gaki Software
Conkack

Extension databases

@3
Databases

Connect database
Create new dafabase Professional, Dedtsch, Spl4
neue Datenbank erstellen fohne Prozesse)

create new database (without processes)

Mo project
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D=

If so, you already have a database connected. Please make sure that it is the Education
database. If so, you can skip this step.

2. Otherwise, clickon6 Dat a {Step £)@ndthenon6 Connect dStdp@based

FBEX

BEELEEEN Edit  Extras  Wiew Help
Creatdnew database 4

Create db from zip archive

Connect database

1

Export 4

GaBi 4 - Portal
ey I A
GaBi 4 Links
5abi 4 Mews Life Cycle Assessment a
FAQ Life Cycle Enaineering “ GaBi Software
Database documentation Design For Environment

Gabi 4 manual
External documentations
GaBi 4.3 Version Hiskory

Integrated product policy
Environmental management

Import 4
Yisit us

LEP dept. Gaki

Online Service
Gabi Software

Contact PE Inkernational
Extension databases Salespartner worldwide:
Y.
o A\ - 2 oA
Databases

Connect database
eutsch, Spid

Create new database
e nk erstellen (ohne Prozesse)
Juid tabase (without processes)

Commands to manage databases,
A new window will open. There you can locate the database that you want to connect. A
GaBi database is normally contained in a folder under the GaBi 4 folder.

3. Locate the Education database (it should be located under C>Programs>GaBi4),
select the folder and click OK.

* Select a db directory E

C:" Programme’ GaBi 44 Fducation

=1 |
[=r Prograrmme
(= Gabi 4 |
e Education
£ Log files
Cancel
Dirive
=[] =] Ok
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The database is now connected to GaBi. Now you need to activate the database.

3.2 Activating a database

4. Clickon6 &t i v aextéo,th@ connected database, or right click on the database
in the object hierarchy on the left side of the GaBi window and select6 &t i vat e. 6

5. A new window will open asking for a password 1 just click 6 OK . 6

GaBi - login X
Marme ok
|S';.-'stem

Cancel
Password
|
Praoject
|

3.3 GaBi theory

GaBi calculates the potential environmental impacts as well as other important quantities
of a product system based on plans. Within a plan, the system being studied is made up
of processes and flows. In LCA terms, a plan represents the system with its boundaries,
processes represent the actual processes taking place, and flows represent all the inputs
and outputs related to the system. They connect plans or processes within the system or
they define the input/output flows of the system. This list of input output flows is referred to
as the Life Cycle Inventory (in short: LCI).

The flows that enter the product system coming from the natural system (our environment,
e.g. resources as hard coal) or that leave the system (e.g. CO2 emissions) are called
elementary flows. The LCI is the input/output list of all elementary flows associated with
the system.

Perhaps the most important information of GaBi is the flow information. Flows are
characterized by mass, energy and costs with their respective values. For example, GaBi
contains flow information for different raw materials, plastics, metals, emissions to air and
water and many, many more.

It is important to understand that flows contain information that tells GaBi to what extent
one unit of this flow contributes to different environmental impact categories: these are
called classification and characterisation factors. Let’s look at an example. In the object
hierarchy, click on the plus next to flows and expand the flow group.

You will notice that flows are grouped in folders according to whether or not they are
resources, emissions or other types of flows.

6. Click to expand the "Resources” flow category and againtoexpand 6 Ener gy
resouracd@Nodn renewable energy resources. 0

7. Nowclickonthed Nat ur dolderg as 6
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You can now see all the natural gas flows available in your database. There are several
country specific flows for natural gas since the gas mixture and its properties vary from
region to region.

I Obiject hierarchy Tame Data ... | Last change ~
@ Gabi4 = Helium, 0,05% in natural gas Ecoin.,,  01,01,2008
=] % Education = Natural gas PE-G... 01.03.2003
4 Balances B Matural gas (AFME) FE-G... 19.04,200607:...
# Plans = Natural gas Algeria PE-G... 01.03.2008
+ g Processes = Natural gas Angola PE-G,,. 01.03.2008
=5 Flows = Matural gas Argenting PE-Gz... 01.03.200&
-l 5 Resaurces = hatural gas Australia PE-5... 01032008
=¥ Energy resources = Natural gas Austria PE-G... 01.03.2008
= Nonéendewa.lljle ENergy resources B Natural gas Bolivia PE-G... 01.03.2008
E.'_i Hraurdiz;l(E::;J::;) B Matural gas Brazil PE-G... 01.03.200&
:',5 Lignite (resource) 3 Matural gas Brunei FE-G... 01.03.2008
r__.'g Y —— = Makural gas Bulgaria PE-G... 01.03.2003
r_‘-:’ Uraniom (resaurce) 3 Makural gas Cameroon PE-G... 01.03.Z005
=¥ Renewable energy resources =% Natural gas Canada PE-G... 01.03.2005
+ 5; Land use = Natural gas Chile PE-G... 01.03,2008
+ 5% Material resources = Matural gas China PE-G... 01.03.2003
+- 5% Waluable substances B Matural gas CIS PE-G... 01.03.2005

8. Open a flow by double clicking on it.

You will now see the flow dialog box. In this window you can see, that the flow is
automatically defined to be an input or output flow, or the flow type is undefined, when it
can be both. This categorisation is done automatically based on the location of the flow
within the GaBi database. The reference quantity of a flow is mostly the mass, this means
that the reference unit of the flow is kg and that all other quantities refer to this reference
quantity. Quantities can be thought of as the properties of a flow. Another quantity could
be e.g. number of pieces, length, volume and so on. In the quantity list you can see which
quantities are associated to this flow. Any additional quantities can be defined.

30



Procedure

B Natural gas LISA [Matural gas [resource)] -- DB Flow
Object  Edit  VWiew Help

DEE| & 2R BF ?

Marne |

Flow byvpe | _:
Addition | CAS number |
Sum Formula | Basis |
Reference quantity | ® / \
Caomment,
S¥nonyms
Ciuankity |1 kg=* |Unit |5tandar|:| deviation |1 [Quantity] = * kg | ~
LCML2001 - Dec, 07, Abiotic Depletion (ADPY  i0,018756 kg Sb-Equiv, 0 % 53,317
__|cmLz001, Abictic Depletion (ADP) 0,015756 kg Sb-Equiv. 0 % 53,317
EDIP 1997, Matural gas 1 kg 0 % 1
EI29, EA, Resources, Fossil fuels 3,4704 M1 surplus energy 0 % 0,23515
__[E199, HA, Resaurces, Faossil fuels 5,8439 M1 surplus energy 0 % 0,17097
Energy {gross calorific value) 43,243 13 0 % 0,023125
Energy (net calorific value) 38,993 g 0 % 0,025646 b

Systemn: Mo changes. PE-GaBi 20 Last change: System, 01.03.2008

GaBi databases are completely open but predefined objects are also protected.

In most cases there are several quantities associated with a flow. New quantities can be
created in order to describe a special property of a flow.

You will also notice the LCC tab. LCC stands for Life Cycle Costing and refers to a
methodology that allows you to calculate the costs related to the life cycle of the system
being studied. On the LCC tab economical quantities, such as the price can be defined for
the flow.

At this stage we do not need to go deeper into quantities. It is enough to understand that
GaBi uses this information to calculate the potential environmental impact of the
analayzed system.

9. Youcanclosethe6 Nat ur dldw window.o

3.4 Starting a project

You are going to construct a model of a steel paperclip. We already did some research on
the paper clip, defined the goal and scope definition and qualitatively described the paper
clip life cycle. Let’s convert all this information into a new GaBi project.

10.Clickon 6 P r o j i\ the objéct hierarchy and start a new project by right clicking
in the display area on the right.
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11. Name this project6 L i f e

12.Click 6 Ac t i

Cycle Steel Paper Clip. 6

vate project. o

Object hierarchy
|& Gz5i+
= % Education
A Balances
¥ Plans
+- 8 Processes
+- 5% Flows
+] Quantities
+|- B, Units
% User
B Projects
+- & Quality indicators
+l- g Weighting

Marne

#% Life Cycle Steal Paper Clip [Projects] -- DB Projects
Object  Edit  View Help

DEE % BEX @ BF?

Project administration

Mame

|Life Cyile Steel Paper Clip

150 documentation Object list l

I Global parameter Name | Natia. .. | T.. | Allocated | Sou... |

Once the project is activated, all newly created processes, plans and flows will be saved
under this project. This makes it much easier to find all the relevant information when you

open the project in the future. It i s a
organised.

good i«
13. Close the project window.

3.5 Create anew plan

The first thing you need to do then is to create a plan. On this plan you will model the life
cycle of the paperclip.

14. To create a new plan you can click on 6 P | aimtise®bject hierarchy and then
right click in the display area and select 6 Ne w. 6
A new plan will open in a new window.
15. Enter the name of theplan6 Li f e Cy c | e CISitgedegiess Braep e r
Itis a great idea to save your plan regularly.

16. = save your plan now by clicking on the save icon in the plan window or by
clickihg6b Obj end6é6 ave. 6
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0D ET % By X

4 |

System: Changed. Last change: System, 18.09,2009 15:40:57

Commaty Balance I@
Ohject  Edit 4

bl VD e BH#MIF ?

Life Cycle Steel Paper Clip| [
liab1 4 process plan: Maszs |kg] —

ol

3.6 Adding a process

You will now add process and flow information to the plan. GaBi databases contain

predefined processes and flows and these can be easily added to the model.

In order to manufacture the paperclip you need steel wire. So, this will be the first process
that you add to the plan. Adding processes to a plan is as easy as dragging and dropping.

But first, you need to locate the processes.

There are 2 ways to do this in GaBi:

e The first is by manually expanding and collapsing the object hierarchy in the

DB manager to search for the process you require.

e The second and quicker way is to use the GaBi search function.

17. Make sure you have the 6 P r 0 c e aba selécted in the object hierarchy. This

is important because it tells GaBi to search only for processes.

18. # Click the 6 S e a iicantardd enter the name of the process you are looking for.
You are lookingfor6 St eels owiyroeub ent er t Nesw sewrahdocl

GaBi now searches for all matches. Steel wire is exactly the process you are looking for.

19. Click on 6 S tl e ew iand drég and drop it onto the plan.

33



Procedure %

< Bl oS #F ?

Object hierarchy hame: | Mation [ 7... [ 4. | sou... | Data... | Last change
& B4 oo S P - e
] % Education : : : . ! E
% Balances
5 Plans [t} By 100
+ Manufacturing DEHE & B e x
tion

B Utz
Bt Lo

cle Steel Paper Clip

ife

i

5] Object Edt  Extras  View Help

- Quankties Complete search ]Name 1 place ] Modification date ] Usage ]

+- g Units
B User Start |
B Projects |Stae| wire

+- &% Quality indicators

+ =m Weighting + AND " or Mew search
[z Global parameter |

@ Avallable Gaki 4 datasets

Open |
| M. | Type | i ‘ So... | Data ... | Object group | Object byp | Last ché|
DE ol PE PE-G... Metal production Processes 11.11.2
DE FE PE-G...  Metal production Processes 11.11.2
Dragand drop
£ >
2 objects Found, L
)
?ﬁstee\ ww%Tt)
L | ;IJ
Swstem: Changed. Last change: System, 16.09.2009 13:30:10
System: Life Cyvele Steel paper Clip Processes: 4 objects,

3.7 Creating a new process
You now need to add the paper clip bending process.
20. Try searching forthe6 Pap er e@ldii prac@ss.

Youdl | notice that t her gouneeddo create amaw pcobesssin
GaBi this is really easy.

21. Right click in the plan and select6 New pr ocess. 0
A new window will open where you can define the new process.
22.Enterthename 6 Paper e@ldii mliggds a \arel @lose it.

You have now added a new process. However, you need to define this in some more
detail.

23. Right click on the process and open it by selecting6 Det ai | s. 6

24. Begin by selecting the country that your process refers to. You don’t have to do
this, but it is helpful, if you have the information.

25. Name the process simply by clicking in the 6 N a nfieldand typing "Paperclip
Bending.”

26. In the source field you can select where this process data comes from. Leave this
blank for now.
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B |ife Cycle Steel Paper Clip [Plans] - DB Plan

Object  Edit Wiew Help

DEE| S @EXER-] &G pe BAS?

Life Cycle Steel Paper Clip ﬂ

Gabi 4 process plan: Mass [ka]

DE: Steelwre 54 PE <ot / r Paper Cli Bencing x1
[] o3 [

New [Processes] -

Object  Edit  Wiew Help

DQH%%@%EEEE BESF »2ovE ?
Mame Savé (Ctrl+s) |F‘aper Clip Bending L| ﬂ @
Parameter L

i 1oa | @ ecoe | B LowT | B Documentation |

1«1 |
Open data set of basic object. Reference year |2009 ﬂ Region | Teridian Latitude Allocated ad Mo image

Completeness |No statement j Cornrmenk
SYNonyms ‘
Inputs
|Flow |Quantity |Amount IUnit |Tracked flows [Standard deviation |Origin |Comment|
< >
Outputs
|F|ow |Quantity |.ﬁ.m0unt IUnit |Tracked Flowes [Standard deviation |Origin |C0mment |

|

< >
System: Changed. Last change: System, 18.09,2009 16:30:15

You can also select the type of process. This requires a bit more explanation.

3.8 Process types
There are three types of processes in GaBi.

Basic processes are also referred to as unit processes in the 1SO standard. A basic
process is a gate to gate process; this means that it contains only the data of one specific
process step. No elementary flows are included here..

Emissions

Cradle to Gate Process
contains whole

LCI Dataset

Emissions 2% Basic process
Gate to Gate Process

Cradle to Gate Process
contains whole
LCI Dataset

only process products as
Emisslons input/output, no LCI data

Cradle to Gate Process
contains whole LCI
Dataset

Basic process
Gate to Gate
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In contrast, a cradle to gate process, also referred to as a system process in the 1SO
standard, refers to the process plus all of the processes that occured upstream of it. For
example a power mix process is a cradle to gate process and includes not only the
generation of power but also the exploration, mining, transport, and treatment of the
relevant raw materials that are consumed during the power generation process.

Emissions
Cradle to Gate Process
(contains whole LCI Dataset)
Process
Produkt

All processes prior in the Life
Cycle included

The third process type is called “partly linked™ process. Partly linked processes are
typically cradle to gate processes that contain one or more open inputs. For example the
steel wire process is partly linked because all of the inputs and emissions for the process
are accounted for except for the type of steel being used to make the steel wire.

Emissions

o 2 Partly Linked Process
process contains whole LCI Dataset Process

[contains whole LCI

Dataset] but has also process Product

Cradle to Gate

products as input

Take a guess what kind of process paperclip bending might be. Is it a basic process,
cradle to gate process or partly linked process?

If you guessed basic process you are right. Why? Because this process represents only
the process of bending the paperclip.

3.9 Specifying the flow type

In GaBi you can specify whether a process is a basic process, a system process or a
partly linked process by selecting the appropriate letter in the Type drop down menu.
Basic processes are represented by the letter b. System processes are represented by a
blank entry. Partly linked processes are represented by a pl.

27. Since the Paper Clip Bending process is a basic process, you can go ahead and
select6 b . 6
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3.10 Parameters, LCC, LCWT and ISO Documentation

DE: Paper Clip Bending <b> [Processes] -- DB Process g@@
Object  Edit VWiew Help
DEE s EmEE=E== BF PovE ? show/hide Parameter ~_
Mame |DE L|Paper Clip Bending | L'b w
Parameter m
3 q ‘Formula Value |Stande|Comment \ k‘

o oot i)

Here you see the parameters area. By entering parameters, you can create what if

scenarios as well as determining certain aspect
processes. The parameter area is closed for now and for now we will not go deeper into

this.

You now see a series of tabs. Since GaBi is designed to carry out a large variety of
evaluations, it is possible to enter additional information relating to costs and working time.
You can also add ISO documentation. However, this is too detailed for this tutorial. For the
time being we will focus on the current LCA tab.

You have the possibility to enter additional information relating to this process such as its
year, region, completeness and additional comments. Adding this information improves
the quality of your process information but does not affect the results calculated by GaBi.

You can enter some information here if you like or carry on.

3.11 Entering inputs and outputs

You can see two display areas called inputs and outputs. In the input field all flows that
enter the process can be entered. These inputs could include different forms of energy,
like compressed air, electricity or thermal energy, as well as materials or other
consumables like lubricants. On the output side all flows that leave the process are
entered. You can for example enter the products and by-products that are produced and
also the wastes and emissions of the process.

Let’s start by entering an input flow. To fold the paper clip you obviously need steel wire to
fold.

28. Enter the steel wire flow by clicking inthe 6 F | fieldpenteringé Seel and r e 0
pressing enter.
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DE: Paper Clip Bending <b> [Processes] -- DB Process Q@@
Object Edt View Help
DEH &R =S===SAF »PovE|?

Name |DE LlPaDEr Clip Bending le j @

Parameter
i LA | @ ieco€ | 8 1ow | Bl pocumentation |

Reference year |ZDDQ ﬂ Reegion | Meridian Latitude Allocated d Mo image:

Completeness |No stabement j Corrment comments improve the quality

SYNonyms |

Inputs J
‘Quantity Amount |Unit |Tracked F|Standar(|0r\gin |Commant

SStEEI wire [Metals] ) Mass 0,00035 kg N 0% (Mo statement)

GaBi searches for potential flow matches in the active database. If an exact match is
found, the flow is entered automatically.

If a number of possible matches are found, the search window will appear and all the
flows that contain the word you entered will be displayed. Let’s take a look at that.

29. Click in the flow field where steel wire is written, type the word 6 S e eahd@ress
enter.

You will notice the search box appears listing all the flows containing the word steel.

DEHE & B ====

Idame DE = |Paper ClipBending ) Object Edit Extras ‘iew Help [Fem)
Parameter Complete search  Mame f place | Modification date ] Usage 1 t
B ea ]Q Lec:o€ | B LowT | B Dod =] Start
Hame & =
Reference year 2009 5| Region /| J
rch in: Flows hd ———
Completeness Mo stakement . Hev search
5 Iv Searchin subfolders
Y0NS g Cancel
Sort by object gro _ _ e
Fo— @ Available Gafi 4 datasets accept | J
IFlUW _— Mame ‘ N... ‘ Type | [ | S, | Data ... ‘ Object group | Object byp | Lask #
:‘Steel = Steel sheet part (5t) PE-G... Metal parts Flows 11.1
= Steel scrap (SE) PE-G... ‘Waste for recovery Flows o1.c
= steel works slag PE-G... ‘Waste for recovery Flows o1.c
= steel sheet 1.5mm el, zinc pl... PE-G... Metals Flows 11.1
- = Steel sheet 1,5mm hat dip g... PE-G... Metals Flows 11.1 =
= Steel hat rolled PE-G... Metals Flows 01.c
Outputs = Steel sheet 1,5mm hot dip g... PE-G... Metals Flows 11.1 J
[Flow s PE-G... Metals Flaws 1.1
J Steel Forging it (SE) PE-G... Metal parts Flows 11.1
B Steel cast part (machined) PE-G... Metal parts Flows 11.1
= steel cold rolled (SE) PE-G... Metals Flows 11.1
= Steel scrap (alloyed) PE-G... ‘Waste for recovery Flows o1.c
= steel cold rolled (alloyed) PE-G... Metals Flows 11.1
= steel sheet (ECCS low grade) PE-G... Metals Flows oL.c
= ctaal chaak (Fresh oFE.= Makale Elne n ¥
¥
< ¥
System: Changed. Last change: System, 11.08.2009 17:44:27

When you look at the Object Group column, you see that a variety of types of flows are
listed, metal parts, waste for recovery, metals and consumer waste.

30. Sort the search results according to their object group by clickingonthe 6 Ob j e c t
g r o uheader.

When you select a flow from the search window, always take note that the flow is chosen
from the correct object group.
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31.Select6 Se el bwyclickiagbonitandondé Accé@ p't

This process also requires power to run the bending machine.
32.Clickinthe 6 F | fied@nd entertheword6 @wer . 6

33. You require electric power so you can select and accept this flow from the search
box. Make sure you check the object group column to ensure that you have
selected the correct object type.

Database Edit Extras View Help

DEXE B ped 2 |

Object hierarchy Mame | Data ... | Last change
Gabi 4 . q
=@ Educatio B | ife Cycle Steel Paper Clip [Plans] -- DB Plan

----- o Baland Chject  Edit Wiew Help

[+-[5 Plans - :

[—]5 Proce D g | & & X |
o

3 B DE: Paper Clip Bending <b> [Processes] -- DB Process

-l D ol B ST 2

Object  Edit  Wiew Hel

DEHE & B

™ Search for:
Object  Edit Extras Yiew Help

Name IDE Complete search  Mame [ place | Modification date | Usage |
Parameter

B oA | @ ecog] B

LI EBreak |

Reference year |2009 I Flaws LI ew search |
¥ Search in subfolders
i Completeness IND stal Search ... | Cancel |
[+ 5¥ Flows 5
WIOMY TS p -
52 Quan I / @ Available GaBi 4 datasets Accept I
LR ﬂnlts Inputs / M. | Type |8 50, [Data... | Chiject group | Object typ | Last che
..... ser
BB Proj Flow / = Power PE-G... Electric power Flows 01.03.2
-y Qualtlf| — Power 4 = oM nuclear power ... PE-G...  System-dependent Flows 01.03.2
Wil — Steel wire [Metals] = power (From lignite) PE-G... System-dependent Flows 01.03.2
..... [ Globaf || P = Power (From hard coal) PE-G... System-dependent Flows 01.03.2
= Power (From natural gas) PE-G... System-dependent Flows 01.03.2
= Power (From hydropower) PE-G...  System-dependent Flows 01.03.2
< ""] = power (From heavy Fuel oil) FE-G... System-dependent Flows 01.03.2
Dutputs =¥ Power (From wind power) PE-G...  System-dependent Flowes 01.03.2
[Fiow
Trow
] £ ||||] (— = ] l
| Z|
Syskem: Changed. Noerioai - e R A‘
System: Life Cycle Steel paper Clip |Plans: 4 objects.

The output of this process is, of course, paperclips. Just like for inputs, you can click in the
flow field and enter the name of the flow you want to enter.

3.12 Creating new flows

You remember that in the beginning of this tutorial you specified that the functional unit for
this example was one paperclip. We should now enter this as the first flow leaving the
process.

A~

34.Type6st eel p amgairentar.l i p o6

You will notice that a new window opens indicating that there are no matches found for
paperclip and asking if you would like to create a new object.

35.Click6 Create new object. o
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Mo matches found: “Steel Paper Clip", What do wou want to do?

. Question

| Create new objeck | Search Cancel |

You have to specify where you would like to locate the new object. Since this object is the
product that you are producing, it makes sense to place it in the valuable substances
folder, under systems, parts and metal parts.

This categorisation is relevant for balance calculations in GaBi so make sure you select
the appropriate location for your new flow.

36.Goaheadandselect6 Val uabl e substances>Systaedms>Part s
click 6 OK. 6

* Select object E|@|E|

Please select an object bype.

+ ¥ Resouries rS
2% valuable substances
+ = Energy carrier
+ = Materials
=¥ Systems
+- ¥ Assemblies
2% Material systems
I__.Tk Mon-rmatetial syskems
2k Paint-systemns
|- ¥ Parts
+ I__.T} Electronic components
2 SMetal parts
5% Other parts
I__.T} Parts From renewable materials
5% Plastic parts
+- = Ecoirvent

Cancel (0] 4 h

You can now edit the name of the flow and add any additional information.

The reference quantity of a new flow is automatically set to mass. This means that the
standard unit of this flow is measured in kg. If you add new quantities to this flow, you also
need to enter the quantity related to 1kg of this flow. You do this by entering a number and
unit. We will do this now.

313 Modi fying a flowbdbs properties

Because our functional unit is one paperclip (and not mass) you should specify this in the
quantities list.

37. Add a new quantity to the flow by double clicking on the empty 6 Qu a n bok ang 6
typingdénumber o0& pieces
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Then you have to define a conversion factor to mass.

38. Typeinthecolumndé L Quant i t yhe amount0.080856and press enter.

This specifies the weight of one paperclip. You will notice that GaBi automatically enters
the number of pieces.

39. = Click on 6 S a ar& then close the window.

B New [Metal paris] -- DB Flow E@@

Object  Edit  Wiew Help

DM & Bk B &2

Mame |Stee| Paper Clip \ J
= Lca ]Q Lec | Name as entered in process flow lisi

Flow tvpe |n0ne ﬂ

Addition | CAS number |

Sum Farmula | Basis |

Reference quantity |Mass

Comment/ ‘ Enter Conversion Factor ta
SYNOMYS
(o — [tka=* |uni |standard deviatiom1 [Quantity] =* kg |
1, 00035]

g Murber of pieces ;> Z857,1 pcs. 0 %

3.14 Entering flow amounts

We have now added all the flows that enter and leave the paperclip bending process.
However these flows lack information about how much of each of them are used and
produced.

Add this information by clicking in the Amount column and entering the amount required
for the process. By clicking on Unit you can change the flow unit. One very handy feature
of GaBi is that it can automatically convert between all the given units.

For example we estimated that we need 0.0001 kwWh of electric power for the bending of a
paperclip.

40. Choose the Unit 6 k Wfirgi and then type inthe amount6 0 0 0 1 . 6

41. Change the unit back to 6 M Jdu will see that the amount of 0.0001 kWh
automatically converts to the corresponding amount of MJ.

We determined that our paperclip has a weight of approximately 0.35 g.

By clicking in the Quantity column of the Paperclip output you can choose if you either
want to specify the amount of mass or number of pieces.

42. Choose the quantity 6 Nu mb er o fandenteetheeasi@unt6 1 . 6
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We do this to specify the functional unit: 1 paperclip. All data for the process will now refer
to the production of 1 paperclip. If you change the quantity back to mass, the amount will
be converted to 0.00035 kg.

We need the same amount of steel wire on the input side.

43. Enter the inputmass 6 0. 0 ONBwB 5 6

DE: Paper Clip Bending <b> [Processes] -- DB Process g@@
Cbject  Edit  Wiew Help
DEE sBE ====0&F »~2ovE ?
Marne |DE ;|Paper Clip Bending ;|b j By
Parameter i
i 1ca | @ Lecco€ | $# LowT | B Documentation |
Reference year ‘2009 ﬂ Region | IMeridian Latitude Allocated | Mo image
Completeness ‘Nn skatement j Camment comments improve the quality
SYNOMYms ‘
Inputs j
IFIow |Quantity Amount |Unit |Tracked F|Standart|0rigin |C0mment |
Steel wire [Metals] Mass 0,00035 kg 0% (Mo statement)
Power [Electric power] Energy (net calarific +0,0001 kweh hi 0% (Mo statement)
- o
Btu%
cal
erg
< &Y >
]
Dutputs awh e j
IFIow |Quant\ty Amount Liniit: |Trac ked f|Standan|Or\gin |C0mment
:‘Steel Paper Clip [Metal parts] Mumber of pieces 1 pcs. 0% (Mo statement)

3.15 Flow types

In order to calculate the potential environmental impact of a system, GaBi needs to
understand the nature of the flows that you have entered as inputs and outputs. In GaBi
all flows must be defined as either elementary or non-elementary flows.

Elementary flows are flows that enter the technosphere directly from nature (those you
can find in the Resources flow-folder) and flows that exit the technosphere directly to
nature (e.g. all flows in the Emissions to air, water and soil folders). For example, in our
system, iron ore for the production of steel is an elementary flow entering the paperclip
technosphere. Carbon dioxide emissions, arising from production, are an elementary flow
leaving the paperclip technosphere.

Non-elementary flows are flows that move only within the technosphere. They are not
entering directly from the natural world and do not exit the technosphere to the natural
world. GaBi requires that you specify if a flow is an elementary flow, a waste flow or a
tracked flow.

Tracked flows include valuable substance and energy flows that can be used in another
process. A tracked output flow can be connected with a tracked input flow of the following
process in the process chain. A connection between plans and processes by tracked
flows is also possible.

Waste flows are, not surprisingly, waste flows that require additional processing within or
outside of the current system but that remain within the technosphere.
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You need to tell GaBi which of the entered inputs and outputs are tracked, waste or
elementary flows. In the tracked flows column, you need to select an X for a tracked flow,
a star for a waste flow or leave it blank for an elementary flow.

3.16 Specifying flow types

44. Click inthe 6 T r a ¢ k e dfield untib thesappropriate symbol appears.

Remember that tracking a flow with an X or star indicates that these flows will remain in
the technosphere and allows you to connect the flow to another process or plan.

45. Steel wire is a valuable substance, so specify it as a tracked flow by clicking in the
6 Tr ac k e dooxfuhtivaw & Bappears.

46. Electric power is also a valuable substance,

47. and so is the paper clip.

Inputs j
IFIUW |Quantity Amount: IUnit @ Flows |Standart|0rigin |Cumment
Power [Electric power] Energy (net calorific +0,00036 ] % 0% (Mo statement)
Steel wire [Metals] Mass 0,00035 kg ¥ 0% (Mo statement)
£ >
Outputs j

Flow |Quantity Amount IUni |Tracke lows |Standan|0r\gin |C0mment |
Steel Paper Clip [Metal parts] Mass 0,00035 kg ¥ 0% (Mo statement)

We have now fully defined the paperclip bending process.

48. H click 6 s a vosdve the process and close the process window.

3.17 Fixing and scaling processes

One very important step when creating a plan is to define the reference process. On every
plan one process should be fixed. This allows GaBi to calculate all results with reference
to this fixed unit. As you edited the paper clip bending process you specified the functional
unit of the process to be 1 paperclip. Now you can specify the functional unit of the plan to
be 1000 paper clips.

49. Double click onthe6 Pa p er e@lIdii pragBss and enter a scaling factor of
610800
50.Select6 Fi & e d

Now the processes and flows on the plan will scale to reflect the amounts required to
manufacture 1000 paper clips. We could also scale the fixed process to 500 paper clips or
1 million and all flow amounts would change proportionally.

If no process or more than one process on a plan is fixed, there will be an error message.
This means you need to go back and check that exactly one process is fixed.
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DE: Paper, Clip Bending =b> -- Process instance

Local name: |DE: Paper Clip Bending <b= d Mo image === p— |

#F Local settings IQ LCC ]

Scaling facto 1000 |v Fised | J
Free parameters +
Inputs |Sh0w all flawes = - | Dutputs Shaw all flows Ihd -

|Alias |Flow |Quantity |Am0unt |Unit |Tracked Floiss |Alias |Flow Quantity |Amount |Unit |Tracked Floiszs
= Power [Electric power] Energy (net calorif 0,36 1M1 X% j Steel Paper Clip [Metal parts]  Mass 0,35 kg %

L] Steel wire [Metals] Mass kg x
D ata quality
Technique Location Time
|N0 statement ﬂ |N0 statement ﬂ |N0 statement j
Grouping
HMation Tupe Enterprize Uzer defined
| ﬂ |Processes ﬂ |extemal j | j

We now have a plan for the paperclip life cycle that contains the paperclip bending
process and steel wire process.

3.18 Viewing the tracked inputs/outputs

You should notice red spots in the top left and right corners of some of your processes. If
you can already see the red dots on the process box for the unconnected inputs of the
process, just continue.

If you cannot see these,

E% | ife Cycle Steel Paper Clip [Plans] -- DB Plan
Object  Edit BUEEN Help
0 E (= & De-Manager

Location of storage

Lle Cycl Iﬂ Windows L4 =

zaBi 4 proces

v Show flow names k

v Show flow quantities
Show basic names

Show process images Red dot i Tracked Flow, still unconnected

W armings g Black dot i Tracked Flow, connected
Load settings

Save settings

QJE: Steel wire [St] PE <pl> :@ @E: Paper Clip Bending X@

<b

51.Click 6 Vi @éwhé menubarandselect6 Show tracked in/outputs. ¢
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These dots indicate the tracked input and output flows and whether or not they have been

linked. In this case you have not yet linked any of the processes and so all the tracked
flows are displayed as red dots.

3.19 Adding processes

You will notice that there are two red dots indicating two inputs to the paperclip bending
process. We know that one of these is power and one steel wire. The steel wire process is
already included on the plan so you need to add the power process.

52.Select 6 P r o c e is theeobjéct hierarchy and click onthe 6 S e a buttdnd

53.Enter6 ®wer . 0

A list of potential matches is displayed and you can select the appropriate Power grid mix
for your country.

54. Choose 6 D Eod Germany.

55. To add this process to your plan simply drag and drop it onto the plan.

Steel Billet also needs to be added to the system to feed material into the steel wire
production process.

56.Add 6 St eel nowiod.| et 6

57. Close the search window and arrange your processes as shown.

E% | ife Cycle Steel Paper Clip [Plans] -- DB Plan

Object  Edit Wiew Help
DEHE & By A~ (p 06 e BMHF?
Life Cycle Steel Paper Clip =

GaBi 4 proceszs plan: Mazs [kg]

DE: Power grid mix ;;ﬁ
ELCD/PE-GaBi

DE: Steel billet FE ;?Q DE: Steel wire [SE] PE <pl» ;5”‘5 DE: Paper Clip Bending X.@E
<b>
LME: »
System: Changed, Last change: Swstem, 21.09,2009 10:43:28

3.20 Adding transportation processes

To improve the level of detail of our system it would be great to add a transport process

between the steel wire manufacturing process and the paperclip bending process. A 20
tonne truck will be appropriate for this model.

58.Locatead Tr ucxk6 2t0 t ot al cap./ 17,3 inthpayl oad/ EUR
hierarchy and use the drag and drop feature to add the truck process to the plan.

45



Procedure

O XE Bed @F 7

Qbject hierarchy Mame | Mation | T... ‘ oo | S, .. | Data ... | Last change
| Gabi4 t %% Salo truck up to 7,5 £ bokal cap. [ 3,3 t pavioad | Eura 3 [cie] b ELC... PE-G.. 11.11.2006
=@ Education uck 20 - 26 t total cap. | 17,3 t pavioad { Euro 3 Gl h ELC... PE-G... 11.11.2006
27 Balances uck 20 - 26 t tokal cap. [ 17,3 t payload [ Euro 3 {local)  GLO b FE PE-G... 11.11.2006
] Plans uck§, 5t - 12 tkotal cap, { 5t payload [ Euro 3 (local) GLO b FE PE-G... 11.,11,2006
= % uck AS k- 12 b tatal cap, {5t pavioad f Eura 3 (Truck .., GLO b FE PE-G.. 11.11.2006
gk Auxdliary processes i 4% Truck-trer » 34 - 40t total cap. | 27 tpayload JEuro 3 GlO b ELC... PE-G... 11.11.2006
+-B# Benefication
-t Disposal
+ @{ Ecoirment
& ELCD

+ ;JE> Enerqgy conversion
E{ PlasticsEuropez005
+ bl Praduction
+-ii Recovery
i@ Repaiting
- tanspot! 0
T £
Bt Air transport
g_.' Pipeline
5} Railway
=y 3
b lqﬁ_l;ﬁd_
:E“ Passenger car
) E‘,‘. Truck.

B | jfe Cycle Steel Paper Clip [Plans] -- DB Plan

Cbject  Edit  View Help
DEE| ¥ BeX ~lik) DF e B#F?
Life Cycle Steel Paper Clip OF:Powergidmin i ﬂ
GaBi 4 process plan: Mass [kg] ELCD/PE-Gabi
. . ] ’ ] "
DE: Steel billet PE e Steel wire [St) PE <pl GLO: Truck 20-26t  pid® DE: Paper Clip Bending X8
. . total cap. / 17,3t papload / <b>
Euro 3 [local) PE <b>
. . . =
] | LIJ
System: Changed, Last change: System, 21,09,2009 11:06:55

3.21 Process parameters

Transportation processes are a good example of parameterized processes. In the truck
process you can define for example the transport distance, the payload or the percentage
of distance covered in city traffic, on highways or rural streets. For now we don’t want to
go deeper into parameter variation and can leave these settings as they are. The

GLO: Truck 20 - 26 t total cap. £ 17,3 t payload f Euro 3 (local) PE <b > -- Process instance

Local name: |GLO: Truck 20 - 26 £ total cap, [ 17,3t payload | Euro 3 {local) gl Mo image == | = Cancel | (o] 4 |

#2¥ Local settings lﬂ |_|:|:]

Scaling factor: 1 [ Fixed | J
Free parameters J

|Parameter |F0rmu|a value |Standar|C0mment

Anteil_AE ] 0%  [-]Percentage on motorway (average speed 82 kmfh), Stand:
Ankeil_ao 0,5 0%  [-]Percentage outside of town (average speed 70 kmfh), Star
Anteil_I0 0,5 0%  [-]Percentage within town (average speed 27 km/h), Standat
Auslast 0,35 0%  [-]Load based on mass, Standard = 85 % = 0,85

Distanz 100 0%  [km] Distance Start - Finish, Standard = 100 km

Mutzlast 17,3 0%  [t]Standard = 17,3t

ppm_Schiwefel =) 0%  [ppm]Proportion of sulphur in diesel, European standard as of

transport distance is set to be 100 km.
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It is nice to be able to read the contents of the processes on the plan. You can resize
process boxes by selecting a process and dragging the resize points.

3.22 Resizing process boxes

59. To resize multiple processes, hold down the &h i buttdn, while selecting and
then resize.

B | ife Cycle Steel Paper Clip [Plans] -- DB Plan CEX
Object  Edit  Wiew Help

DEE| & BEX e &P e BHHF?
Life Cycle Steel Paper Clip

Power grid mix 7 j
GaBi 4 process plan: Mass [kg] ufd CD/PE-GaBi

: Steel billst PE & Steel wire [S PE <pl> & 0: Truck 20- 26t pE
L] [ w f{tal cap. /17,2t payload /|
ro 3 [locall PE <bx
L = - - - -

i —4

System: Changed. Last change: System, #1.09.2009 11:06:55

3.23 Linking processes
Let’s complete the process chain now by linking the processes.

60. Selectthe 6 P o weird gnprosess.

You will notice a red bar that represents the input side of the process on the left hand side

of the process box and a brown bar on the right that represents the output side of the
process.

61. Click on the brown bar, drag your mouse pointertothe 6 P a gCpBe ndi ng 6
process and release it.

You link these two processes with a power flow.

B Life Cycle Steel Paper Clip [Plans] -- DB Plan (=3
Object  Edit  Yiew Help
DEE § BX e DG B e B#AF?

. . . . ..
Life Cycle Steel Paper Clip Powergidmix ﬂ
GaBi 4 process plan: M ass [ka] =8 CD/PE-GaBi L

. . .
DE:Steelbilst PE 9% DE: Steel wie (5] PE <pbif GLO: Truck 20- 26t pi 2% DE: Paper Hip ®iE
total cap. / 17.3t payload / Bending 4>
Euro 3 [local] PE <b»

In fact the power flow is automatically entered based on the fact that the single output
from the power grid mix process is power and one of the input flows to the paperclip
bending process is power. When linking processes GaBi checks for input/output matches.
You can see now that the output dot from the power grid mix process is black, as is one of
the input dots of the paperclip bending process.
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We can now connect the steel billet, steel wire, truck and paperclip bending processes.
You will notice, when connecting the steel wire with the truck process the connect flows
window opens. This window allows you to specify which output flow should be connected
to which input flow. This occurs because there are no matching flows. In this case, GaBi is
not sure whether the steel output should be connected to the cargo or diesel input.

62. Connect the steel wire process to the cargo flow of the truck process now by
selecting6 St e e | as thd souecé and 6 C a r ap thé sink.

;1]

Connect flows

O § = x ’—L‘ B DR [ @ & Flowy: ‘Steelwwe[Metals]
Life Cycle Steel Paper Clip @

GaBi 4 process plan: Mass [kal -5’-5'3' wire [Metals]

(CaFZ {low radioactice) [Radioactiv
H\ghly radioactive waste [Radioac
Med\um and low radioactive waske
Plutomum as residual product [Rac =

DE: Pawer grid mix ,r;ﬁ
ELCD/PE-GaBi

Crude oil products]

kg

- .i gt
DE: Steel billst PE e  Steel wire (5t PE <pls GLO: Truck 20- 26t pif® DE: Paper Clip =g
Steel billet [SH) #17.3 t payload / Bending <b>
Euwro 3scal] PE <b>
0,36325 kg .

You might have noticed that the truck process has another open input flow called diesel.

This nhow means, that you have to add another process called diesel to our plan and to
connect it with our truck process.

63. Search for aprocesscalledd Di e s el albyclickinffonthed $ & a butténd

64. Choose the one that is representative for Germany by selecting 6 D &rid drag and
drop it from the search window onto the plan.

65. Place the process on your plan somewhere near your truck and connect the two
together.

B | ife Cycle Steel Paper Clip [Plans] -- DB Plan

Object  Edit View Help

DEHE ¥ BEX k) DB e BEéF?
Lite Cycle Steel Paper Cllp .r Diesel at r.elinaly PE T "% j

DE: Pawer grid mix
GaBi 4 process plan: Mass [ka]

L ELCD/PE-GaBi
. - . kg
DE: Steel billst PE e DE: Steel wirs (5t PE <l GLO: Truchf20 - 26t pi® DE: Paper Clip R
Stee! billt (5 total cap. 1473 payload / Bending <b>
Euro 3 (local] PE <b>
036925 kg 035 kg -

1 3
Syskem: Changed. Last change: Syskem, 21.09.2009 11:06:55

66. Connect the truck 6 C a r (gtuoch is actually steel wire) withthe6 Paper ClI
Be n di praress.

Now the production process chain is complete. To complete the whole life cycle, you
should add a process for the use phase and another plan for the End of life scenario.

67. Right click on the plan and select6 New process. 0
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D=

& | ife Cycle Steel Paper Clip [Plans] -- DB Plan

B=ES

Object  Edit  Wiew Help
DEHE & [E ¢ AN ]
Life Cycle Steel Paper Clip

GiaEi 4 process plan: Mass [kg]

DE: Steel billst PE

036326 kg

Steel billet [St]

Lpe BaF?

DE: Diesel at refinery PE 3%

000074248 kg

GLO: Truck 20- 26t pi2®
tolal cap. / 17.3 t payload /
Eura 3 lacal] PE <b>

DE: Steel wire (5] PE <pbiH

035 kg

Life Cycle Steel
Properties. ..

0,

DE: Power grid mix
ELCD/PE-GaBi

Okg

DE: Paper Clip
Bending <b>

kg

Paper Clip

Location of storage

[p) Parameter

Adopt default colors

Copy
BB paste

Cerl+C
Chrl+y

KN

N

xgh

o]

Creatss a new basic procsss.

68. Name thisprocess6 Us e Phase Steel Paper ClipE.

69. This process is a base process, since it is a gate to gate process and since it will
contain no elementary flows. Enter the appropriate process type symbol now.

Let’s assume that the usage of the paperclip does not contribute to any environmental
impact, consume any power or release any emissions.

70. We can now enter the input flow 6 ®¢l Paper Cl i p. 0

71. Entertheamount6 0. 00035kg. 6
72. Mark it with an 6 Xaé a tracked flow.

Then we assume that after the use phase, which has no environmental impact, the paper
clip will be thrown away. To model this you integrate a waste flow on the output side of our
use phase process.

(St) o

amdchogséthe flowd Se el s c ffranp

for recovery. o

73. Type in the outputline 6 Se e |
the objectgroup 6 Wa st e

74.Entertheamount6 0. 00035kg. o

75. Mark this output flow with a & o6as a waste flow.

Use Phase Steel Paper, Clip <b> [Processes] -- DB Process

E@%

Sct

Foozk =

Object Edt View Help
DR sbE === gH » 2evE|?

~ |use Phase Steel Paper Cip

Hame [
Parameter

8 e | @y 1ocoe | %2 LowT | Bl Documentation |

Reference year (2003 3| Region | Meridian Latitude allocated | | ha image
Completeness | Mo statement | Comment
Synonyms
Inputs J
Flow |Quantity Amaunt |umit_|Tracked F|standardorigin |cammerk
| |teel Paper Clip [Metal parts] Mass 0,00035 kg 0% (Mo statement)
< >
Outputs j
Fiow: [Quantity [amourt Junit__|Tracked ffstandar{origin |corment:
| |teel scrap (St} [waste for recovery] Mass 0,00035 kg ¥ 0%  (Nostatement)

<

System: No changes. Last change: Systsm, 21.09.2003 10:20:16
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76. Save and close the process window.

77. On our life cycle plan connectthe 6 Paper e@ldii prag@s withthed Us e
Phase Steel Paper Clipéprocess.

B | ife Cycle Steel Paper Clip [Plans]|-- DB Plan [ (=0(E3]
Chject Edit View Help

DR $BEX e oE e BRAF T

Life Cycle Steel Paper Clip DE: Diesel at refinery PE 35} DE: Power gid mix ¥ j
GaBi 4 process plan Mass [ka ELCD/PE-GaBi

0,00074245 kg Okg

DE: Steel billet PE e DE: Steel wire (51) PE <ph 38 GLO: Truck 20- 260 pid¥ DE: Paper Clip -
Steel billet (5] total cap. /17,3 t papload # Bending <b> Steel Paper Cli)

Eura 3 losal] PE <bs
036925 kg 035kg 0.35kg

Use Phase Steel Paper {8
Clip <b>

K]

System: Changed, Last change; System, 21,09,2009 11:06:55

3.24 Adding a plan to a plan

We will now add an End of life scenario. We will create the End of life scenario on a
separate plan. By doing this, you could put different waste treatment steps and variations
and recycling processes on this plan and separate the steel flow fraction according to
recycling rates.

We are not quite ready for that level of modelling so, in our example, we just assume that
our paper clip will be sorted out of the municipal waste with a magnetic separator and will
then be recycled. To keep it simple, we will only take the steel recycling process into
account.

78. Go back to the GaBi DB Manager, click on 6 P | aandsthien create a new plan by
right clicking in the display window.

79.Nameit6 En dLifePaperCl i p. 6
For now we will place only one process on the plan.

80. #4 Click onthe 6 Se a butténdsearchfor6 st eel . 6
You can see different steel processes;

81. Choose a process that belongs to the Objectgroup 6 Mat er i al Choeseovery. 0
O0steel bil |l et @nepueitcoh thd ptan by draggirey arel drépping.
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DEE & BmX
= x Object Edit Extras Wiew Help
End of Life Paper Clip Complsts search | Hame { place | Modication date | Usage |
GaBi 4 process plan: Mass [ka)] ﬁ Start
< |stee| ’
o AND O OR Hew search
: Steel billet [electic 3 @ ovailable Gabi 4 datasets Open ‘
mace] PE
[ [ ‘ Mame: | ... | Type ‘ (oo | Son.. | Data ... | Object group ~
E@EIan and steel, production mix us b Us... PE-G... Ironand Steel Mils
L - . :E{Steeh billets, at plant us Us... PE-G... Iron and Steel Mils
$Steg| bilet (electric fur o ahvanized steel sheet, at plant RMA us... PEG Iron and Steel Mils
 steel, liquid, at plant RMA us.
isteel il furna DE PE
¢ Steel sheet 1,5mm ainc, cail coat. (0.02mm; 25) DE PE
<
’ 14 objects Found. _
System: Changed. Last change: System, 11.05.2009 17:54:54 I

Since each plan requires one fixed process, this process must also be fixed.

82. Set the scaling factor to ¢ 1aid select 6 F i xjustdiké before.

DEE & B X MR- )6 Be EMF?
End of Lite Paper Clip

GaBi 4 process plan: Mass [kal

.
Steel billet (electic XH
mace] PE

K]

System: Changed. Last change: System, 11.08,2003 17:54:54

Local name:

[pE: Steel billt electric Furnace) PE

i Local settings | &

Sealing factor,

L

Free parameters

Allocation:

Cancel

[no allocation)

DE Steelbilt PE

DE: Steel wire (1)

036926 kg

+

Inputs Shiw ol s - | outpus Show all Flows - -
|izs [Fiow |uantity A |aas [Fiow |quantity  |amount |unit [Tr: &

. Cooling water [Operating materials] Mass steel billet (5t) [Metals] Mass B

. Steel scrap (St} [Waste For recovery] Mass CaFz (low radivactice) [RadioactiMass 4,2938Ekg *
Air [Renewable resources] Mass Furnace dinker [Waste for recov Mass 0,02447kg  *
EBarium sulphate [Non renewable resmMass Highly radioactive waste [Radioa Mass 1,2814E-kg %
Basalt [Non renewable rssources]  Mass Medium and low radiactive wastMass 1,5207E-kg "
Bauxite [Mon renewable rsources]  Mass Overburden (deposited) [Stockpi Mass 2,1455 kg *
Benkonits [Non renswable resources] Mass Plutonium as residual product [RiMass 2,5494E kg *
Calcium chloride [Non renewable resoiMass Radioactive talings [Radioactive Mass 0,0007Stkg *
Carbon dioxide [Renewable resourcesMass v Raling gravel [Waste for recoverMass 0,00463ckg  * ¥

< > >

Data quality

Technique Location Time

[Ma statement =| [Ma statement =| [Ma statement ~|

Grouping

Hation Tupe Enterprise User defined

[oE

| |Recovey

=] [oremal =1

83. Save and close this plan.

We will now add this newly created plan to the Life Cycle Steel Paperclip Plan.

84. Drag and dropthe 6 En d

o Papek Clipdplan onto the already open6 L i f e

Cycle Steel Paper Cl i paé.

85. Connect the 6 U s basdSteel Paper Clipoprocess with this plan.

B Life Cycle Steel Paper Clip [Plans] — DB Plan
Object Edt View Help

Life Cycle Steel Paper Clip

GaBi 4 process plan: Mass [ka]

DE:Steclbibt PE %

0.38525 kg

system: Changed. Last change: System, 21.09.2003 11:06:55

DEHE & BEX e O B e BéasF 2

DE: Steel wirs [3t) PE <phi

DE: Diesel at refinery PE 5%

0.00074248 kg

GLO: Truck 20-26t i
total ap. /17,3t paload /
Ewo 3 (local PE b

0.35kg

End of Life Paper Clip

0.35kg

DE: Powergidmix i il
ELCD/PE-GaBi Iy

kg
DE: Paper Clip -

Bending <k

Steel Paper Cii)

& Phase Steel Paper
ip <b>
035 koy
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Since the recycling of our End of life plan produces steel and has the output flow “steel
billet”, you can model a circular material flow within the paper clip life cycle by connecting
the output flow of our end of life plan with the steel wire production process.

86. Connectthe6 End of LCIfigpadRathe® ISt e e | provessmaend

B Ljfe Cycle Steel Paper Clip [Plans] -- DB Plan EEX
Object Edit “iew Help

DEME & BEX ) D B e BéF?
Life Cycle Steel Paper Clip DE: Diesel at refinery PE i} DE: Powergrid mix i j

GiaBi 4 process plan: Mass [ka] ELCD/PE-GaBi

0.00074243 kg ke
Diesr]

DE: Stesl wire [St) PE <pbiJ GLO: Truck 20- 26t pi2® DE: Paper Clip X
total cap. /17,3t payload / Bending <b> Steel Paper Clip

Euo 3 {local) PE <b>
0,35 kg 0,35 kg

DE: Steel billst PE i
i 0058183 kg

0,36328 kg

End of Lite Paper Clip Use Phase Stesl Paper 2

Clip <b>
03107 kg 035 kg

Ly o]

System: Changed. Last change: System, 21.09,2009 11:06:55

Steal billet (5t

You can see that the amount of steel that is provided by the primary steel billet production
decreases by the amount of steel that is provided by the recycling plan.

Congratulations, you have now completed modelling the life
cycle of a paperclip!

3.25 Adding comments and modifying appearance

You can adjust the visual appearance of our plan. For example, clicking on a flow arrow,
you can redirect it by moving the black markers on the corners. With a double click you
see the properties of that flow and can change the colour of the flow arrow.

You can also add comments to your model. This is only a visual element and does not
affect the calculations made using the model.

Clicking on the Comment icon inserts a new comment into your model. You will notice the
comment window opens where you can select the background colour and font colour as
well as entering the text.

87. -/ Click on the 6 C o mm ebattordand choose a background colour for the box
and font colour

88. Writethecomment: S Thi s model contains some non

assumptions. 0
89.Click 6 OK. 6

90. You can now resize and move this box as if it were a process.
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= - B[]
DEHE| & BmEX -k VBB e BHéaF?
Life Cycle Steel Paper Clip DE: Diess at refiney PE 11} DE: Power aridmis 1 j

GiaBi 4 pracess plan: Mass [ka] ELCD/PE-GaBi

0,00074248 kg Okg

GLO: Truck 20261 pig® BI=: g 8

plelom 17t e/ e e
Euro 3 (local] PE <b>

035k 035k

DE: Steel bilet PE 3 DE: Steel wire [S1) PE <pbif%
el billt %0,058133@ el wire (51) PE <pb

036925 kg

End of Lits Paper Clip Use Phase Steel Pager
N\colbile (51) Steelsciap (51 Tl <b>

D307 kg 035 kg

™ Comment

. Color Iv Erame oK
l:l Eont colar Cancel

This model conkains some non representative assumptions.| %

“
System: Changed. Last change: System, 21.09,2003 11:06:55

You can now play around with your model and resize, relocate and redirect your
processes and flow arrows to make it look the way you prefer. Remember that your model
should reflect the real life situation.

91. Save and close your plan.

You have now completed modelling.

3.26 Creating and saving a balance

If you have not completed the tutorial up to this point, you can open the firutorial Modelo
plan. This plan contains a finished version of the model built during chapters 3, 4 and 5.

In order to analyse the environmental impacts of your modelled paper clip you have to
create a balance. A GaBi balance is a file containing all the calculated results for the
modelled system and includes all of the LCI results as well as the LCIA results.

Create a balance of the Life Cycle Steel Paper Clip plan now.
92. # Clickonthe 6 Ba | aicon ie the plan window.

The Balance window will open. This window allows you to choose how you would like to
view the LCI and LCIA results. You can also view the results of the Life Cycle Costing and
Life Cycle Working Time analysis here. Since you did not enter any information in these
tabs earlier in the tutorial, there are no results generated here. We can skip these tabs.

You can save the balance separately by clicking on the save button. The balance will be
saved in the balances folder of your database. You find your balances in the object
hierarchy of your GaBi DB Manager right above your plans.

93. & save your balance, but remember if you change anything on your plan, you
have to calculate and save a new balance.
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D=

At the moment you see two lists showing the input and output flows that are related to
your plan APaper c¢clip Life cyclebo. I n
tables.

3.27 View option: 10 Tables

In the top right you can see a number of options and drop down menus.

L Life Cycle Steel Paper Clip [Balances] -- Balance

B=Ed

GaBi

Object  Edit  Wiew Tools Help
DR $BRE === EVWE B~V 2 BF?

Marmne |LiFe Cycle Skeel Paper Clip Rows 5 +| calumnsl1 -
Quankity lEvaIuatiDn ] [ Quantity view ]Narmalizatian ] v Infout aggregatio% Absolute values
| Mass [ka] ﬂ |k1;| j | |n|:|t Filteretﬂ

B ea | @ o | $ owr |
Inputs < fp—retetere .Laweparate I tables Diagram |_|

- v Life Cycle Steel Paper Clip |
Flows / 17.944
Resources / | 17,944
/ Separates Inputs and Outputs o [ists
Outputs Diagram I_I
Life Cvcle Steel Paper Clip |

Flows 4,289
Resources |2.125T
Emissions to air 2,1585
Emissions to fresh water 0,0035606
Emissions to sea water 0,00023877
Emissions to industrial soil 5,3648E-006

Systerm; Changed. Last change: Swstem, 22.09,2009 09;37:52
94. Deactivate the optioné Separ ate | O tables. 6

The input and output tables will be merged. If there are matching flows on both the input
and the output side of the LCI, the input and output amounts will be aggregated.

Inputs/Dutputs < Y bbbl 5t Ciagranm |_|
Life Cycle Steel Paper Clip |

Flows 17,98

Resources 15818

Emissions ko air 2, 1585

Emissions to fresh water 0,0035606

Emissions ko sea water 0,00023877

Emissions to industrial soil 5,3648E-006
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3.28 View option: Just elementary flows

Next to this you find the option AJust el

elementary flows. Here you see the significance of specifying if a flow is elementary or
non-elementary.

95. Deactivate the 6 J ueslte me nt a r optiof tb shawsthie 6 Val uabl e

subst amdPen,ducti on resi andéPepositked gpoldsesd

categories.

If you leave this option activated, only elementary flows will be shown in the balance
window.

Inputs/0utputs @ust elementary Flows: | separate IC tables Diagram |_|
/ by Life Cycle Steel Paper Clip |

Flows / 16,173

Resources / 15818

¥aluable substances 0,0009331

Production residues in life cycle -0,048222

Deposited goods -1,75958

Emissions ko air 2,1585

Emissions to fresh water 0,0035606

Emissions bto sea wakter 0,00023877

Emissions to industrial soil 5,3648E-006

3.29 View the LCl table

To view the Life Cycle Inventory for the paperclip product system,
96. Deselectthe @uste | e me nt aroptioh.| ows 6
97.Selectthe6 s epar at e optGn. t abl es 6

Now, you see every substance that enters our system and every substance that leaves
our system.

98. Activatethe6 s epar at e vievband abl es o
99. Activatethe @u st el ementoptiony f |l ows &

In the table you see the total values for each flow category. At the moment you see the
flow grouping "Resources” on the input side and Resources, Emissions to air, fresh water,
sea water and industrial soil on the output side. These are the flows that enter our system
from nature and exit our system back to nature.

3.30 Navigating through the balance window

By double clicking on the resources row you can expand the list items until all flows
appear, by double clicking on subcategories of flows you can expand them too. In fact by
double clicking on any bold row you can expand or collapse the items contained within
this category. Let us look at the crude oil consumption:

100. Double click on 6 F | oom théinput side to expand/collapse them until you have
locatedthebold@ r ude oi |l How.esource) b

55

-

C



Procedure %

Now you can see the mass of the aggregated crude oil consumption of your system.

101. Double clickonthe6 cr ude o | rogtosee where diffeejerdt portions of
the crude oil come from.

B ea | @0 e | B owr |
Inputs @Jst elementary Flows { W gparate IO kables Diagram I;I
Dt Lire Cwele Steel Paper Clip -
Flows 17,944
Resources \ 17,944
Energy resources \DOUb'G click on bold rows 0,19398
Non renewable energy resnurces/to expand them 0,19397
Crude oil {resourcey_ - ) 0,0070632
Crude oil Algeria by 0,00019739
Crude oil Angola #,4355E-005
Crude oil Argentina 9,3741E-006
Crude oil Australia 0,00026991 v

102. Collapse the list of the crude oil consumption again to view the total results.

At the moment you are only seeing the total results for the whole paperclip product
system. To get a better understanding of exactly where particular materials are used and
emissions released you can look at the results for each and every process and sub plan.

103. Double clickonthe6 Li f e Cyc |l e ISitqgelemih hheRdergoesee thEse
contributions to the overall result.

This expands the view so that you can see the contributions of each process and sub
plan.

3.31 View option: Quantities

The tables of numbers that you are now looking at show how many kg of each listed
substance is entering and leaving the system. This is because the quantity mass (kg) is
selected in the quantities drop down menu.

There are a large variety of quantities which can be displayed now for your system. Let’s
choose a quantity that tells us some more about the environmental impact of this system.
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