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Introductioad Aim of Document

Introduction aAim ofDocument

Consistencyelevancyguality continuity are the main drivers in the GaBi datab@s®i Tatabases
contain over 300 pergears of direct data collectiomm@algisiswith over 1000 person years of-exper
encePE staff contribute constantly to the management and development of the GaBi databases.

The goal of A@elBd@r Dataphesdand ™Mo transkparent |
ground, important aspects and details of the GaBi databases, as well as the basis of the models.

This document doediin to answer gngssiblémethodological or moaietios or questiosor to do-
ument angossiblaspectandaims to describe the impoetai the applipdnciples.

The GaBi databasesdata soursdormultiple stakeholder groups: Acaded@ducationpolicyand
regulationmesearch andevelopmentpnsultancy amtustryAnyof theestakeholdeesming for certain
solid resutteedssolid, accurate and relidhta Without data there camdoeesujtor without quality data
there can be inaccurate or misleading Hewksercientifiand educatiorgdds areoftendifferent to
those impolitis, development and industfigening of knowledggy be the focus of one grfcame-
work settinpe focusf anotheggroupandinnovation amxitical decision makimg focusf a thirgroup
Thesedifferenbutcomes require diffeirgatprettions of thiata.

GaBi dathasone overarching airmich isrepresenngthe technical reality of our dynamic and innovative
economies aslequatelys possibld.o achieve this requtezhnical adequatenessmntessional data
setup and database maintenandegovernance, whaickallimportardspect®ftheworkPE does

Professionahthbase management is an importantvésipadielps ensuretime delivery déitabaes

against an annual upgrade.chaig not only ensures the accuracy and relevancy of results to help maintain
competitive advantage, it also isolates clients from shocks caused by longer refraatragietes which
substantially different values which cannot be fully expleamedad$éstoo much uncertainty, lost time,
money and reputational damage.

Important, general, methodological aspects andbexpehgpecifienethodologicaspects arean-
prehensivetjocumented.

This documeptovideshe basis of all GaBi datahag@ch includdise professional databaseension
databasesnddataondemand dataset
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GaBLCA Database Framework

GaBLCADatabasé&ramework

Successfutontinuousnd effective databpsaevisioneeds
1 a professional database coaogptanagement
1 consistentna cemtl database development,
1 databasenaintenance as well as frequent and efficient update routines.

To enable a flexible use of the database content in difgxatdldgeedpplicationd.ifeCycle Ma

agement tasks and professional decisiomsitttegialata should be suitable and adaptable to different
schemes and standards of industrial and professional practise and should me$ieohfuetasdly
supply chain and technology situaticadi®atied and broadly experienced teanesentt difinches

and expert groups with broad experience in their areas of expertise are important.

The methods and methodological choices used have been selected to reflect the supply networks in the
appropriate way. fAMethod follows reality. o

2.1 GaBiDatdase concepandmanagement

Embedded into thperational frameworRBANTERNATION#theconcepof a Master hase. The
Master Databaiseone pillar afthree pillar solution apprahehother pillars providingineering o
sulting knowledged professional software enviroraspgettivelAs illustrated in figuk Zlow.

LCA/CFP/Sustainability databases

O

Modern + Powerful
Software System

Engineering /
Consulting
Knowhow

Database
Model

Figure2-1: GaBi Database concept embedded in 3 pillar solution approach

Database development at PE involves @xhe#s methodology, with technicdisex{sere liaptel.6

for details on the different teamd)extensivanowledge of thelevansupply chaiRelevancehecks

and routine quality assurance checkspéieimethodicallyrhe generation of new data followsla stan

ard procedure with Acascade quality checksd anc

Internal entry quality checkdéewly generated data first passes a purely internal qualjiyvohieCia
experts with engineering skills IFERNATIONAL a dependent internal review, before entering the
database environment.

Internal resulting quality checldepending on the type of data aménidedse, field of expertise and

the sarces providing the data (internal or external sources and/or organisatitvos))dafsedic-

tion by owooperatnpartners LBP University of Stuttgart and Fraunhofer IBP or other indgpendent organ
sations are undertakemexsessary.
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GaBLCA Database Framework

Externaresulting norpublic quality checkdData, which is generatecbnjunctiosith industry os-a

sociations for distribution with GaBi databases to the professional LCA user compnafiigyge.g. Eco

data or other representative averaged indasifyddfdrent companies or an individual dataset of single
companiesiynderg@an additional quality check by the respective data providers or selected neutral thirc
party organisations, as an independent external review or third party review.

External rsulting public quality check3he dataset and systems, which are provié&sefithare

and databases for public use, are constantly compared, benchmarked, screened and reviewed, and th
sults are published in various external, professionalpanty 4 applications in industry, academia

and patly bodiesUser feedbablappens publicalig the online GdRikedlfiorum or dirégfrom ¢l

entsto individual contacts at PEinftvenatiofed backsincorporated into #tendard maintesarand

update process of the databagesre necessanyd leads to consistagher levels gfialityand red-

vanceThere is a process for contihimlyomgdata, ithere arknowledge or technologgresse®r

industrial process chains dp\aid change.

Additional External review activitigd$iedifferenelement®sf theGaBi databases wemependently

reviewed three times bet\20d2/201dy three different organisafitreslLCD compatibility of selected

GaBi processes across atichees was reviewed for the JRC in ISPRA, Italy by the Italian national Agency
for new technologies, energy and Sustainable Economic Development (ENEA). In the light of the upco
PEF Initiatives of the EedtroOevestigacioses BnergéticasihMed Sp a n
oambientales y Tecnologicas (ClEMATe vi ewed our data with focus o

To complement our responsibility concerning external rietiedisa& critical review process of its

GaBi database with inspeatidrverification company DEHKIRAhird external organisation to carry out a
reviewAs LCA continues to be used more broadly in industry, companies require increased accuracy, tre
parency and credibility of their data sources in okdethe beshformed decisiofRecognising this

and in order to ensure consistency and quality of its GaBi database, PE INTERNATHOMKL finaliz
round of afongoing critical review process with DHKBAEKRA critical review of the GaBi Database
verifia:

- Credible independent sources underpinning each dataset
- Up to date engineering kmmw used in composing the dataset
- Accurate meta information documenting the dataset

The review initially covers basic technologies, such as power plants, vefiteeriesabment units
underlying many other aggregated datasets and continues with dependent datasets derived from these
models. In addition to the datasets themselves, the quality assurance processes are also subject to an at

Quality Assuranceqesses and review procedures are an integrated [Ratadfatbe Management at
PE INTERNATIONAL

The Database Management at PE INTERNATIONAL protects private|atet pndgeatationcl-
ents, (data providers and data consumvhilg) enablingll tobenefit from the internal information
knowledge and expertise pool of PE.

Noinformatiois allowed teave the PE internal databasevitreaut expresslease permission
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GaBLCA Database Framework

External DBs: . S
i Public GaBi External / Client
aggregated and unit N
i DBs NDA PE client
process for general usein

public

A
R
3

%,
%,
f&_
L 4

new information/knowhow/
data (public or PE owned)

% PE INTERNATIONAL - h—

Service pack files

If general internal

new datasets " e ]
MASTER DB ’ use possible

\.-\\\“".
o

Internal Master DB:

- All available Life cycle systems for
general use

- aggregated material- and energy
datasets for general use

- specific aggregated datasets of parts
and systems forinternal use

- unit processes

] .
& Project databases
5 !

=

Internal Project DBs:

- all project or customer specific
systems (documentation purpose)
- all datasets and results
representing a certain point of time
(documentation purpose)

eale aseqe|ep Jd [eulajul pajoejold

Figure2-2: DatabaséManagement at PE INNARIONAL

Any confidential project or customdr at ed i nf or ma tDiosnc |ioss uprreo tAegcrteeedme
andis kepsecurely separated from anylgabhdable database.

2.2 GaBiDatabase development, maintenance andeipda

The developmeot LCAover the last 20 yehes seen it mature into something ithaiissgriven.

Naturallyhe bestlatafor industrghould ideally bern in industmganing the dasavalidated or sourced

to ensure the proper representatticeal circumstances. The need for sound methodological approaches
within database and LCI modelling has attracted the acafi@dinieeddmiandarsibodies.

LCA databases began appearing in the early 1990s. Ga@ginyp®tieecombiningah database
and software systdfinom the beginning, opening up synergies and unique possibilities.

LCA Databases are growing in relevance. GaBi databases evolved and established LCA in daily use «
withirbothresearch and industry. Only professimanadiyed, maintained and updated databases continue
to beelevantor industrial use

Maintaining and updating databases is an itag&nterich is botime and managemietgénsivec-
tiity. Accuracy of data, new (practical, proven) methodsequiraseentre just three exampkes
quiringonstant attention. And constant attention requires a consistent gréalpngf ceepépecific
topics and branches.

1 New scientific findings, new dateemiblogiemewmethodsall requireonsant database
development.

1 Clients baseedisions for development of new products basedptinhi€atioor inveis
mentll of whictlepend on reliable results, applicatalitpntinuity in daily peactis
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GaBLCA Database Framework

The GaBi dat abase ceenp | dbatsa paNed ssmmifii inatlEmdshardsdatac t i
are applied only after feasibility checks to re
is based on the nAl atest science. 0

PE has an establisinemhagement cycle concedatapaseflanimplemen¥laintaiReview

In planninginnovationanddemand are core drsvefr the activities. This mapdwe technologies, new
regulations, new standardewknowledge2akeholder feedbaglkollected wherever possilelesure
relevance and value

Inimplementatiomelevancy and consistency are core dfittee activities. This compriSesnethod
and engineerikgowledgeombined to refldmgiven economic and techaicalonment

Inmaintenancehe fequency and temgaeliabiligf the delivery arere drivertorenew dynamic data
and retire old data

Inreviewactual ser feedback and check of supply chains are cotendaipitie datdrom the previous
year against possible relelarges of technolampgnomyprsocietyn the current year

The GaBi databamgproacks donefi f pacticewith information frpmn a cahdsos ®d s i deir s t he
cal success fact or s oinindustryizaB dam $ssnot any aahdonblyCasailablg p | i
data, but rather best pradtiemation, based on real world experience

Withaccess to raw data sources developed by RRoasd engineering expertise, entdidelevé
opmenitand delivgmwithin scope, on time, with high quality and guidatssuitalde data selection. A
standard format for all LCI datasets is mandatorydaneli E&ta.

PE datasfi | n dbuosiiasey on extensstakeholder involvement and valiffatndustry and third
partsourcesPE welcomes feedback, naetstereviewandas all arsuggestionshich drivamprog-
ment.

PEmoded real supply chains for isgetor use for all B2B and B2C relationships. The dapedflect

and ugo-date technology and routes for individual branchespd&ddgimtkground systems ara-co

bined, wherever suitable and possible, with local/regional process technology informatien. Individual,
specific modification, adaptation and extension on local situations-aitinedstataarrpanetered

data are pasible. Individual data on demand can be constructed accdndjhgeawedisescbnsistency

and quality

The ultimate goal is to attain flexibility in the application of data to address different topics allowing fle
assimilation betwgmiicyand industrial decision contexts. In other words the same database can be used
in making quick decismnfor moreigorous applications, for example to undengstament decision.

Regarding development, maintenance and update esvarsuitadghigroup structure (sémel.6

for details) with different responsibilities at PE is in place. There is a direct relationship between software
database development, which supports practical andoteteamathways, as many issledess

both fields.

Maintenance and support routines are installed and updates are regularly conducted with the least pos
user effort requirettluding smart database/software updates with automated additodatine@l
or LCIA data.
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2.3 Structure of the Master Database contents
The Master Database is the core data knowledge memory and contains about 10,000 generic plan syst
each with one or more unit processes and seggsibisIH)

In some cases sigkadld¢ogate systems involve several thousand individual plan systems and tens of
thousands of individual processes tracing back to the resources.

Figure2-3: Hierarchical system in GaBi

Each P¥Bwnedaggregated process provided in the public available databases has a corresponding pla
system, unit processes angstiems with sub ymdcesses in the Master Database.

Huge systems result, which are hardly manageable without suitable L@¥ostftigaiacildt

would be possible to display adlystdms of all processes and plans of the complete Mastex DB. The r
sulting document would probably have about a quarter of a iillitis [gages main reason why GaBi

and its correspondiigster database were developed: To be able to transpamapiiynandge and

use large process chain systems of real supply chains.

The graphical display for this document is therefore limited to an example. It aims to transparently docu
the stratural background of the Master Database. Further publicly available procedsohagy and tec
information on all data and systems is covered in the documentation.

We offer to share more details and process chain knowledge through biledtatibbsisipess

Thepublichavailable databases contain plan systems, unit processes, partiallpraggssgaiad
aggregated processes.

! Rough estimate assuming two screenshots per page.
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¥ DE: Polytetraflucroethylene granulate (PTFE) Mix PE [Plastic production] -- DB Process =@ =

Object Edit View Help

DR~ REEEE a3 oHv 2@

Name DE v Polytetrafiuoroethylene granulate (PTFE) Mix = v [agg -LCI result v]

Parameter [Z

Parameter  Formula Value Minimur Maximur Standar Commer

# Lca | v |5 tcesa5EuR | 9 LowE | ) Documentation

Completeness [AI relevant flows recorded v ]

Inputs =)
Flow Quantity Amount Unit Tré Standar Origin Comment -
2 Air [Renewable resources] & Mass 84,6 kg 0% (Calculated)

2 Antimony [Non renewable elements] g Mass 1,138-009 kg 0%  (Nostatement)

2 Barium sulphate [Non renewable resot g Mass 2,386-013 kg 0% Literature

2 Basalt [Non renewable resources] & Mass 1,636-006 kg 0% Calaulated

2 Bauxite [Non renewable resources] g Mass 0,000517 kg 0% (Literature)

2 Bentonite [Non renewable resources] g Mass 0,00431 kg 0% Literature

2 Biotic Production [Transformation] 4 Biotic Production 0,000105 kg/a 0% Literature

¥ Biotic Production [Occupation] & Biotic Production 0,07 kg 0% Literature

2 Calcum chloride [Non renewable resou & Mass 2,44E-011 kg 0% Literature

2 Carbon dioxide [Renewable resources g Mass 0,819 kg 0% (Literature)

2 Chromium [Non renewable elements] g Mass 3,83E-005 kg 0% (Calculated) -
<« »
Outputs B

Flow Quantity Amount Unit  TrzStandar Origin Comment -

2 Poly hyl la & Mass 1 kg X 0% Measured

¥ High radioactive waste [Radioactive w g Mass 9,326-006 kg * 0% Literature

2 Low radioactive wastes [Radioactive v & Mass 0,000147 kg *0% Literature

2 Medium radioactive wastes [Radioact & Mass 7,47€-005 kg * 0% Literature

2 Radioactive tailings [Radioactive wast g Mass 0,0071 kg *0% (Calculated)

2 1,1,1-Trichloroethane [Halogenated o g Mass 1,33-013 kg 0%  Estmated

2 1,2-Dibromoethane [Halogenated org. & Mass 9,61E-019 kg 0% Literature

# 1,3,5-Trimethylbenzene [Group NMVC g Mass 3,256-018 kg 0%  Estmated

&% Acenaphthene [Group NMVOC to air] _ﬁ, Mass 4,46E-010 kg 0% (No statement)

2 Acenaphthene [Hydrocarbons to frest & Mass 2,75E-009 kg 0% Literature

2 Acenaphthene [Hydrocarbons to sea & Mass 7,626-010 kg 0% Literature

2 Acenaphthylene [Hydrocarbons to fre g Mass 1,18E-009 kg 0% Literature il
< S A wusmmeabetlosfnm s B nesie sminanne Ae db Moo A A An (T an P T ——Y .
System: No changes. '@ PE-GaBi Last change: System, 15.09.2013 12:26:16 GUID: {1d89294-5e26-4248-315e-4938a3fc0...

Figurez-4:

Aggregated dataset in GaBi

Aggregated processesatten the only way to provide relevant, suitable-datd indformation of sxdu
trial sources to the LCA user community. Many users consider aggregated processes the best way to re
and representatively model existing background systems.

PE hasdded value from unit process data collection and compilation, including verificatida of technical r
istic boundaries, to couspgcific supply chain modelling.

Opening the first level of the related polytetrafleupetitgletion in the Mastealdete shows the
polymerizati@mtep with the respective unit procescantteeUpstream silystems are shown on the
right (in the unit process only technical flows aszlvedeatientary flows such as resources or emissions
are not visusdid, budefinitely physically and mathematically present in the individual unit processes).
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Electricity Grid Mix i , Polytetrafiuoroethylene gran. (PTFE) X¥§__ Product e

steam comnersion Byl

Steam from natural gas ?ﬁi

Tetrafhuoroethylens E wiasbe incneration Hit

HECI B J
HZ504 = J
HaCH E J
Acetane = J
Di-water =
process water Ei. process water E.
Figure2-5: Polymerisation subsystem in GaBi Master DB

We follow one single upstream pathway from Tetrafloiimdibgtedeby the red circle; details are shown
in the next figure)é
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Tetrafluoreethylene (C2F4) agffg

Chlorediflucromethane
(R22, HCFC-22)

Product )(E

Methanol from natural gas

H2504
—_—

- g E A
Electridity Grid mix By - steam conversion

-

Mitrogen

_ H

Steam from natural gas W

Di-water .

——— Thermal Energy from bkt
1,3-Butadiene

—_

Figure2-6: Tetraflourethylengsubsystem in GaBi Master DB.

éto R22 details and chlorine mix details (mar ke

chloromethanes (tetra-, tri-, A;*fg trichloromethane X-Bs
dichloromethane - =y
methanol (from natural ) )
Ee e e s
acid conversion 20% - {3k
process water e 100% PE
nitrogen . 1
: chlorine contentin acd S
100% PE
electricity i '
steam conversion i} .I- losses Pl
e
Steam from natural gas %} waste water treatment B
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Figure2-7: R22 subsystem in GaBi Master DB.

Chlarine fram Chiarine-Alkaline-Elektralysis =" Chlarine fram g Chlarine from Chiarine-slkaline-Elektalysis  XE="
[Amalgam] Chlaorine-Alk aline-E lektralysiz (Diaphragm] [Membrane]

"Product XEEE'
Figure2-8: Chlorine production mix in GaBi Master DB.
€ then to chlorine membr anektdreckdalhmoning gy det ail s
DI water By Hydrogen E@E
*HC 100 =l
$acid conversion 100% -
2%
. iChiorine-&lk aline-Elektrolysis AR *Product RIS
Nl — I B
Electicity Grid oo N , acid corversion i
7% -98%
Stearm from natural gas w' | *acid conversion 96% EEE'
e e R o
Mitrogen [gazenous) 1 T
—_—
Sulphuric acid aq, [36%) Y’
Soda [Na2C03) Ey’
—_
CaCl2 el
WWTP B
Figure2-9: Chlorine membrane technology production in GaBi Master DB.

The previous example showed the journey from polymer back to rock salt. The following example gives ir
to the fossil fuel and organic process chain. Starting with the various refinery products dilesel, gasoline, r
tha and gases on the right sideé.
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. B ' ) o — e ‘EVFE
pu— o) TRefoss pi - isRPE  pi + $EV Pool pig
, ' 1 — ey F
= TPropan pit* :gPDD\ il = H2 PE
Methenal 18" Touan ol I T L:REYQESPE
cthanol § : - ; 4 it f i i 3
= T TButenFCC i | MTBE e WP el : Frapane
ir = PE —F | H \_'
: " . - Butans
C'MeD PE piEH HSPE  piE IPE ol {BMPE il *Gasoline
: [ o f o Gasaline
HTBPE pig e pliE HTK PE pifgH ; .
(inkl BTX) PE [—' BTXPE
e R Ee) 'K
JHFPE Dl W PE L hemee
g . Diesel i
) HOPE i py— M= — ]
‘Crude ofl i — b Fued ol light {35
wde ol i g e z =
= TBeAD P TeeHC pEF i
T > =
TMAD  pifEE
B —————
*FCCPE pii ! *TPropenfCC pih {McR PE - piH
HHTVPE pi@H i | - : Napths pifEE" “Naphtha 1
— "TReFCC pEF i o T
TRiD p@: N TBeFCC piEH MTFPE  pl!
: [
"D PE p@z W8/ TC pi | “Butens e
s TWAVD I (& i = | g HM PE
LEi TheVE  pifE . - ——————+"Fuelol heawy (@’
———'TRIVD pig 3 p— = .
-- — TRiNE il — *Sulphur i

[ { [ woee o - ELA“S E= T T Peuokake 1@

o e HEEET —  I— 'TBeCD pifEt ‘ f Lubricants 4
4‘ . B 'PETPE pifgh i

‘ ’—» Bitumen =

‘ L ,TRICO pigh
i J

Figure2-1Q Refinery model in GaBi Master DB.

é theryeproducts progress through the differ

Figure2-11 Crude oil import mix and country specific oil extrastiGaBi Master DB.

éand f rgltside tofhrceide roil import mix to espetifyc oil extraction and the bore hole at the
source.

The last example shows the electricity modelling in GaBi Master Database.
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power plants mix imports
DE: POWER GRID MIX
GeBi 4 Process Pan Redgence Cuarcty ¢ {
[ NUCLEAR oy Power Gra Mix  ple Power Gro Mix b
i Srown Coet  pale o2 —
ener OE BROAN [ Power Piace —
,gy CoAL X | v e s ) E T
carrier —-""""""“:‘— -
. a3 Cosl 2
supply cewwo UL e e ™=
coamx l | BB romramry gee ——e
and PowerPantice® - 1 7 €2 Power Gra 1
’ 1 é Blas: Fumace palld L=
processing DE . - __.“'““"‘" N O Power Gri 1
T S e Ous R Power Gra 100
o Mt P -
mmmme e I = ereices el ) _,:'"'
== PowerPlamt IO | _ _
O CRUDE O £, oe Reenery o LD W/M@ﬂ"-:—om” roduct
T o Power Piart I iy o b p
it i — [ o output
Z #2
DE BICMASS 1) Slomass
{SOLID) SUPP. Power Pigee Blomasg
A, I- e =H|l|==is0mess pali-- ] —-
H == power mioee o) o
ot-o‘trvu o) - =::::m oAl g ——
AT =-HiH e s o
/ Power Piact (=R
il S
OF Sara -
r— Power Piact
OE Concree W Hyoro L2
OF Reintorcrg W WIND PONER n;‘
i __-‘::e & m’ — ”n‘:
aUXIllaI'y = OF: Recycing Rocercat W
. o Some
materials pr——

Figure2-12 Power plant mdels of the Grid Mix modelling in GaBi Master DB.

The output which results on the right side of above screenshot is 1 kWh of electricity. On the right next t
hydro, wind, waste and nuclear power plants, the necessary fuels (hard coah kgnite, bilkahd g a s ) é

Figure2-13 German Natural Gas Mix in GaBi Master DB.

éwhich are provided by the German consumption ¢
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