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Abstract

In the context of its efforts to facilitate envirmoental sustainability, the European Commissionrgammting and
supporting the use of life cycle data and toolstlgh its European Platform on LCA. Objectives a$ throject are
to develop the International Reference Life CycldSystem (ILCD) Handbook as authoritative guigamt LCA,
to contribute key European scope quality datadatthe European Reference Life Cycle Database BL&3 well
as to implement the ILCD Data Network as infrasuee for LCA data, open to all data developershbe ELCD
database and the ILCD Data Network rely on the ILd2iba format as reference format and for data exgga

In the initial release of the ILCD data format, yaldraft specification for LCIA method data seasl been included,
which has been enhanced and finalized in the meantiddressing feedback from an earlier publicettakier con-
sultation process and reflecting insights when dwenting the ILCD-recommended LCIA methods. The lfaeal
ILCD method dataset specification is now implemdritesoftware and will enable tools to easily inpand apply
new LCIA methods documented in the ILCD data format

In this paper, the new LCIA method dataset spedtifim and its corresponding software implementagienpresent-
ed. The history and idea behind the data formhatiefly addressed as well as how the adoption antoolg and da-
tabases is progressing. The basic structure diLtbB data format is presented, with the differeatalset types and
their relationships to each other. Then, the stingcbf the LCIA method data set and its modelingatdlities are
explained. Furthermore, technical considerationrstéol integration are discussed. Briefly, an extmp LCIA
method instance data set of a draft recommended Inf@#thod for Europe, foreseen for release by theojgean
Commission’s DG JRC, is presented to illustrateuse of the finalized dataset type implementationally, an out-
look on future developments is given.

1. Introduction

As part of its efforts to facilitate environmentalstainability, the European Commission is prongptin
the use of Life Cycle Assessment (LCA) methods amyndecision contexts within industry and public
policies. This was initiated in the Communicatianlategrated Product Policy (IPP), strengthenethén
Sustainable Consumption and Production and Susieinmdustrial Policy Action Plan of 2008
(COM(2008) 397). This plan further strengthensrtile of life cycle thinking and assessment, rettaca
the need for consistent and reliable methods atal &ally, yet importantly, the Communication '@
resource-efficient Europe — Flagship initiative endhe Europe 2020 Strategy" (COM(2011) 21) takes
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these developments to the next stage. This Comiatimmcworks with a life cycle approach to reduce th
environmental impacts caused by resource use iarttiee European Union.

To efficiently support LCA in Europe, an enhancedtmodological framework based on LCA ISO
standards, the ILCD Handbook, along with appropriztsic life cycle data and tools are providedubho
its European Platform on LCA (European Communit28d,1). One objective of the platform project is to
enhance the availability of consistent and qualggured Life Cycle Inventory (LCI) data sets. Tikifa-
cilitated by the International Reference Life Cy€lata System (ILCD) data format (JRC/KIT, 2011),
which has been designed so serve as referencetfanddor data exchange, being a further developmen
of the former ELCD format.

The ILCD data format has been released in 200%hasdlready seen some adoption among tools and
databases in the meantime. So far the implementafithe Life Cycle Impact Assessment (LCIA) meth-
od datasets in the ILCD format was based only draét specification, which has been enhanced and fi
nalized by March 2011. This has addressed the &sidioom an earlier stakeholder consultation preces
and considers the insight gained when documentiwigda range of LCIA methods as basis for the up-
coming ILCD-recommended LCIA methods for Europee Tinalized ILCD method data set specification
is now implemented in software and will enable wafe tools to easily import and apply new LCIA
methods documented in the ILCD data format.

2. ILCD Data Format

2.1 Objectives and approach

While a data set format is only a technical medrstaring and structuring data set information with
data stream or file, the development of the ILCDhfat is considered a key step towards better dikila
ity and quality as well as lower costs for LCA daés. The previous situation of LCA data can lsraty
terised as fragmented, with several formats beingse by the different data developers that prexdem-
terchangeability among tools and databases. Theegireg works towards a common exchange format,
namely SPINE (Carlson/Loéfgren/Stehen, 1995), 1ISOA448 (1SO, 2002) and EcoSpold (Hede-
mann/Meinshausen/Frischknecht, 2003) did only patilve these interoperability problems. They did
not result in a wider uptake or, in the case offmmd, were not initially conceived as real toofl atata-
base system independent overall exchange formateheot well meeting the needs of other developers,
and also were found limited regarding some impadrtirtumentation aspects. Some examples of these
shortcomings are: lack of unique identifiers, nb fioulti-language capability, lack of possibility elec-
tronically link reports, flow charts and other pits, and limitation to document some widely usé&d L
methods used.
The development of the ILCD data format (that tsti# under the name ELCD data format) started in
2005, driven by a triple set of needs:
* Need for a data format for the European Refereiiige@ycle Database (ELCD) including its
use as working format,
« need for a common format to support the exchamged(it and export) of the ELCD reference
data sets with third party LCA databases and soéw@ols, and
« last but not least the need for a common overalh le@change format to be used to exchange
LCA data sets among all relevant LCA tools and lokzses (e.g. for LCA information transfer
along supply-chain) and for Data Networks.

Copyright 2011 Shaker Verlag Aachen, ISBN: 978-3-8440-0451-9



Accordingly, the format has been developed starfiog ISO/TS 14048 and explicitly analysing a wide
range of other formats in use, including the Boadtemodél (United Kingdom), CMLCA tool and data-
base$(The Netherlands), EcoSpold (Switzerland), DEAMattase and TEAM softwaré-rance), GaBi
software and databasé&ermany), and KCL EcoDdtéFinland). Last not least, the available documenta
tion of the UNEP/SETAC Life Cycle Initiative (UNEBPETAC, 2002), LCI programme, Taskforce 2 that
had worked towards a common data exchange formatdpped without result in early 2005, was a valu-
able input.

The development has been accompanied by stakelaidezxpert meetings and discussions in context
of presentations at conferences. Based on theierpermade with using the ELCD format for the ELCD
database, and feedback of consultations, the fonambeen further developed towards the ILCD format
that was published in 2009.

2.2 Basic Structure

The ILCD format is based on an Internet-aware dithklata approach. Instead of one monolithic data se
format for process data sets, the ILCD format gesicurrently seven data set types which identffy d
ferent semantic concepts in LCA modelling that lamked together via typed links called global refer
ences. These types of data set (concepts) are:

Process for modelling both unit and aggregated processésrasult sets. Input and output flows
are modelled by global references to other datadfdiypeFlow. Process data sets may optionally
contain results of an impact assessment; in trge data sets of tydeClIA Method will be refer-
enced in a result list.

Flow describes an elementary, product or waste floveférences one or mokéow Property da-

ta sets.

Flow Property (quantity) describes physical or other propentiea flow that can be used to quan-
tify it, for example mass or gross calorific valligach instance references one Unit Group data
set.

Unit Group (dimension) describes a group of convertible uaitd the conversion factors to its
reference unit.

LCIA Method describes an LCIA method and its characterisdtators e.g. an impact category
like global warming potential or ecotoxicity. Thetd set can also document an entire LCIA
methodology. The data set references one Flow Ryogata set that identifies the quantity of the
characterisation factors and - via the furtherrezfee to the Unit group - their dimension.

Source represents an external source of information, sgcliterature or a database or data for-
mat. It can contain a reference to an externabfileesource as well. It can reference a contast it
related to.

Contact describes a person or organisation. It can itsgdfin reference another contact, allowing
to document hierarchical relationships (e.g. persworking group - organisation).

Each unique data set instance carries a Univershiligue Identifier (UUID) (IETF, 2005) and a version
number that is incremented upon changes to thesgat@Among each other, data sets are linked Hyagjlo

3 http://www.boustead-consulting.co.uk/products.htm
4 http://www.cmica.eu/

5 https://www.ecobilan.com/uk_team.php

8 http://www.gabi-software.com/

7 http:/fwww. kel fif
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references. A global reference in the ILCD fornsa&istructured and typed hyperlink which not unigue
identifies the type of semantic relationship betwée linked data sets but also the type (i.e. ept)oof

the target data set. The referenced data settrgefudentified by its UUID (and optionally versioum-

ber) and a Uniform Resource Identifier (URI), tisatves as a semantic web compatible Internet wide
identifier of the data set.

The linked data and object-oriented approach helpsduce redundancy and eases maintenance and up-
dating of the content of databases. Furthermorekgraund data sets those are not subject to fréquen
change but are commonly used by all data develdseich as flow, flow property and unit group data
sets) can be stored and provided at a centralidmcand shared from there, with an. In Figure &, rida-
tionships among the different data set types avevsh
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ILCD data set types and relationships

2.3 Adoption

The first application to support the data formaswi@e ILCD data set editor (JRC/KIT, 2011), whish i
available from the JRC and has been implementédTato provide a basic tool to work with the new
format. Next to documenting all data set typesait perform a supportive check for ILCD documentati
compliance of a data set, i.e. whether all requirelds are in use and contain valid data. Futheema
converter allows converting the data sets to MSeEgpreadsheet documents.

Currently the ILCD format is in use by the followinlatabases (note that this information is nonibond
and is based on written statements made by thectep tool and database developers, who rema@s sol
ly responsible for their developments):

e the ELCD database at the JRC (EU)8

« the Malaysian National database at SIRIM9

8 http://ict.jrc.ec.europa.eu/assessment/data
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* the Thai National database at MTEC (format extermesid on ILCD) 10

The ILCD format is also the technical foundationttvd upcoming ILCD Data Network which will use a
service API to connect different LCA databases tiogieto a harmonized network of LCA databases.

The French National LCA database that is curreb#ing developed by the French environmental
agency ADEME in support of implementing the natidabelling of mass market product programme un-
der Grenelle 2 law also uses the ILCD format andDLreference elementary flows. Further, industrial
associations like PlasticsEurope works and worddstéll provide additional LCI data sets in ILCDrfo
mat.

ILCD formatted data sets can be imported and/oodgd with the following LCA software tools:
» eBalance software, IKTE (Chirta)
» EIME software, CODDE/BureauVeritas (Franée)
* GaBi software and databases (PE International, &gyjn
e openLCA software (GreenDelta TC, Germahy)
e TEAM software and DEAM database (under implemeatgti Ecobilan at PriceWater-
houseCoopers (France)

Some of these tools allow to document data seiddribe software, i.e. support working with thenfiait
either as basis of the tool or regarding the docuatre meta data.

A data format converter (openLCA convetfehas been developed by GreenDelta TC in suppothdy
UNEP/SETAC Life Cycle Initiative and other sponsdisat supports the conversion of data in the Eco-
Spold version 1 and 2 format to the ILCD format arce versa.

With the recent developments of the LCIA methodrfar completion, the availability of a complete gkt
ILCD-recommended LCIA methods for the whole randéntpact categories and the availability of an
updated and extended set of ILCD reference elemefitaws, it is expected that the attractiveness to
work with a common format and increased availgbdit compatible data sets.

3. LCIA Method Data Set

3.1 Introduction

Past discussions about data formats in LCA havéveslcexclusively around process (LCI) data sets.
With the implementation of the LCIA method data, sefirst comprehensive and dedicated format speci-
fication for LCIA methods and the underlying datalanodels used has been provided and is now being
put in use, with the upcoming recommended ILCD2DCIA methodology for Europe and its individual
LCIA methods.

® http://lcamalaysia.sirim.my/introduction.asp

10 hitp:/iww.thailcidatabase.net/

1 http:/ivww.itke.com.cn/cn/product/?CategorylD=1
12 hitp:/iww.codde. fripage.php?rubrique=20

13 http:/iwww.openlca.org/

14 http:/ivww.openlca.org/Converter.8.0.html
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3.2 Structure

Similarly to a process data set, a LCIA method skttgaconsists of four major sections:

* LCIA method information with metadata describing the LCIA method givennigene, classifica-
tion, quantitative reference, time and geograptacal general representativeness;

» Modédling and validation with detailed information on the fate model, ugieg data, geography
and time related aspects of the model etc., togeftiith information about normalisation and
weighting, data sources, completeness, validatiwhcampliance declarations;

» Administrative information with information required for data set managenaat administration,

e Characterisation factors that lists all flows with their corresponding ingpdactors according to
the respective LCIA method.

A specificity is how geographically differentiate@IA methods are implemented: the "Location" of.e.g
where an emission takes place is an additionabatér that differentiates the very same elemenfiary
within the LCIA method data set (e.g. "FR" for Feah The location of an intervention can then be de
rived from the "Location" of the unit process dag&d that has the emission, i.e. also here is nesség to
have country-wise differentiated elementary flowhis allows for geographical differentiation withtou
multiplying the number of elementary flow data s&sll, it is possible, if wished so, to store gesph-
ically differentiated input and output lists in aggated LCI result process data sets, as the amqlibut-
put list allows to add an "Location" informationw(o field) to each input and output. Alternativetize
inputs and outputs can be aggregated without gpbigra differentiation (as currently wide practiaa)d
(what is new) the LCIA results that were calculangth geographical differentiation can be storedhe
aggregated process data set in the respective "lt€3Alts" section. This allows keeping also theragg
gated inventory manageable / lean while still ailgwvorking with geographically differentiated imte-
ries and impact assessment.

For modelling normalisation and weighting, two diddial data set types will be used, as normaligatio
and weighting data can be reused and thereforéobedsin a separate data set. These additionalsgata
types have not yet been fully defined and implemeir software.

3.3 Modelling LCIA Methodologies

The XML Schema for the LCIA method data set hasimesigned in such a way so that it can be used to
either model a single LCIA method (e.g. "Photoclehbzone formation; midpoint - human health; van
Zelm et al. (2008)") or alternatively describe awgy of LCIA methods belonging to the same LCIA
methodology (for example, "ILCD2011"). In the lattase, the name field carries exclusively the nafme
the methodology and exclusively the descriptivadat fields (meta data) are used, while all LCléthm

od data sets belonging to this methodology areeated using thesferenceTol ncludedMethods field.

3.4 Example

Figure 2 shows an extract of the draft implemeatatif a LCIA method for Photochemical ozone for-
mation, midpoint - human health effects as it iddered in a web browser when using the format’'s KSL
transformation to HTML, figure 3 the characterisatfactors section of the same dataset.
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Table of Contents: LCIA method information - Modelling and validation - Administrative information - Characterisation factors
LCIA method information

Data set information
Name of LCIA method or methodology
Belongs to: Name of LCIA methodology/ies

Impact category/ies
Impact indicator
General comment

External documentation / files source (source
data set)

Quantitative reference

Reference quantity (flow property data set)
Time representativeness

Reference year

Duration of modelled impact
Geographical representativeness

Intervention location

Impact location

Geographical representativeness description
Impact model

LCIA characterisation model(s) name(s)

LCIA characterisation model description and
included sub-models

LCIA characterisation model source (source
data set)

Considered environmental or other
mechanisms along the impact chain

LCIA method(ology) flowchart (source data set)
Modelling and validation
Use advice for data set
LCIA method, normalisation, weighting
Type of data set
LCIA method principle(s)
Deviation from LCIA method principle(s)
Normalisation included?
Weighting included?
Data sources
Data sources (source data set)
Completeness
Number of basic inventory items covered
Validation
Type of review

ILCD2011; Photochemical ozone formation; midpoint - human health; POCP; Van Zelm et al (2008)

ILCD2011

ReCiPe2008

Photochemical ozone creation

Expression of the potential contribution to photochemical ozone formation.
Only for Europe. Includes spatial differentiation.

Van Zelm et al. (2008)

C2H4-equivalents

2009
indefinite

RER
RER
Valid for Europe (spatial differentiation included).

LOTOS-EUROS

Considering a marginal increase in ozone formation, the LOTOS-EUROS spatially differentiated
model averages over 14000 grid cells to define European factors.

Van Zelm et al. (2008)

Consideration of VOC and NOx emissions.
Photochemical ozone figure
Representative for Europe

Mid-point indicator

other

None

false
false

Van Zelm et al. (2008)
132

Independent review panel

Scope of review Method(s) of review

Figure 2

Extract of the draft implementation of a LCIA methimr
“Photochemical ozone formation, midpoint - humaaltieeffects”.
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e 0o LCIA Method data set: ILCD2011; Photochemical ozone formation; midpoint - human health; POCP; Van Zelm et al (2008) (en)

Characterisation factors
Exchange Mean value (of LCIA Data derivation type /

Reference to flow data set direction characterisation factor) status O
1.2.3-trimethylbenzene (Mass. kg, Emissions to non-urban air or from high
ataoks Output 2.14 Calculated
1.2.3-trimethylbenzene (Mass. kg. Emissions to urban air close to ground Output 214 Calculated
1.2.3-trimethylbenzene (Mass. kg, Emissions to air, unspecified (long-term)) Output 2.14 Calculated
1.2.3-trimethylbenzene (Mass. kg, Emissions to air, unspecified) Output 2.14 Calculated
1.2.4-trimethylbenzene (Mass. kq. Emissions to non-urban air or from high
Stacks) Output 2.16 Calculated
1.2.4-trimethylbenzene (Mass, kg, Emissions to urban air close to ground)  Output 2.16 Calculated
1.2.4-trimethylbenzene (Mass, kg, Emissions to air, unspecified (long-term)) Output 2.16 Calculated
1.2.4-trimethylbenzene (Mass, kg, Emissions to air, unspecified) Output 2.16 Calculated
1.3.5-trimethylbenzene (Mass. kq. Emissions to non-urban air or from high
Stacks) Output 2.33 Calculated
1.3.5-trimethylbenzene (Mass, kg, Emissions to urban air close to ground)  Output 2.33 Calculated
1.3.5-trimethylbenzene (Mass, kg, Emissions to air, unspecified (long-term)) Output 233 Calculated
1.3,5-trimethylbenzene (Mass, kg, Emissions to air, unspecified) Output 233 Calculated A
1-butene (Mass, kg, Emissions to non-urban air or from high stacks) Output 1.82 Calculated )

Figure 3

Characterisation factors section in the draft impdatation of a LCIA method
for “Photochemical ozone formation, midpoint - humteealth effects”.

3.5 Technical Considerations

Because the data model of LCIA method data sets@atain large lists of flows and characterizafiacr
tors, their implementation in XML provide some dbabes for tools, which are described in this chapt

As in the ILCD format the environmental compartmehelementary flows is not modelled in an or-
thogonal fashion to the flow, but there is rathee @lementary flow for each substance-compartment
combination, the total number of elementary flowghe ILCD data system nowadays slightly exceeds
40,000 (considering the extension now being pubtistiormerly it was about 19,000). This implementa-
tion reflects the explicit feedback of LCA softwaed database developers, since this is the wayeele
tary flows are implemented in most tools.
As there are some LCIA methods that include thodsarf substances in several compartments each, such
as toxicity methods, the XML markup for those datasvill consist of very many elements and usera co
siderable amount of disk space. As most extremeguexample, the “ecotoxicity freshwater endpoint”
method of the draft ILCD2011 contains about 200,B04L elements in the characterisationFactors sec-
tion, with a total data set size on disk of 18.2MBocessing such large XML documents with conven-
tional methods like DOM (Document Object Model) &WX (Simple API for XML) requires excessive
processing time and impractically large amountsneimory, even if only a few pieces of information
from the metadata section are needed. A pull pansplementing the StAX API (Streaming API for
XML) (BEA Systems 2003) is a far better parsingltwo such large data sets to achieve significamt p
formance improvements over DOM and SAX parsersh@g provide a cursor based approach where only
the relevant elements are read and the processitige @ocument can be easily terminated once all re
quired information has been extracted, skippingsiihg large sections of the document that contia-i
evant data. Furthermore, it reduces the amountaii memory needed for the processing of the data se

With data sets which are several megabytes in gize,advantageous and may even be necessary to
compress the XML data prior to storage in a daglasransmission over a network.
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4. Summary and Outlook

The ILCD data format has been developed for elaatrdocumentation and compatible exchange of LCI
data and, with the extended specification, now BBIA data sets. It is implemented in XML as arkéa
data format and supported by an original ILCD dagbeditor as well as XSLT stylesheets for coneersi
to HTML and MS Excel spreadsheets. A set of ab@0@0 elementary flows and the now upcoming
ILCD2011 complete LCIA methodology with the ILCDe@mmended LCIA methods for Europe are now
being provided, completing the system.

Several national LCA databases are documentedeinlLtbD format and the upcoming ILCD Data Net-
work is relying on it as well. The format is implented as import/export interface and also as iatern
working/documentation format in a number of key LE€&ftware tools.

The ILCD format can be expected to help overcontivggsituation of several, incompatible LCI datalsase
by acting as exchange format and moreover impr@aumentation practice in LCA, easing access to
well documented data for LCA practitioners.

Future development is expected to address the imguiation of the normalisation and weighting data
sets types and take into account practical expegiénom working with the format from LCA experts-d
tabase developers and software vendors.
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