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Highlights

* From a management perspective, LCA constitutessiymuser-based tool.

* The current prevailing LCA approach of data quaktysessment is inadequate for
enterprise-specific data.

» Concrete suggestions for consistent LCA data quaisessment are provided.

Abstract

Companies represent essential sources of dataifoiClycle Assessment (LCA). However,
management systems and management approaches rakg irdormed by LCA data
developments, and vice-versa. The present papeasdscon the role of the company in the
LCA data collection process. The objective is teestigate the adequacy of the current LCA
data quality assessment approach from a managgreesgective. This is accomplished by
applying the ecoinvent Data Quality System (DQS3 fmimary LCA data collection project,
including an immersion within the organisation ataking subjective experiences into
account during the data collection process. Oulyaizarelies on two theoretical fields in
management sciences: first, management tools arahdeenvironmental accounting. The
study demonstrates that the current prevailing Ldsa quality assessment approach is
inadequate for enterprise-specific data becauxitses uniquely on industry average data.
The study also indicates that LCA constitutes aipasuser-based tool. Hence, the drawbacks
related to data management and control within tigardsation are completely neglected in
LCA developments. Finally, our analysis providesnaete suggestions for allowing
consistent data quality assessment that would enkarusefulness of LCA information.
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1. Introduction

Life cycle assessment (LCA) is a methodology useguantify the environmental impacts of

products by taking into account all the productiand consumption stages, from the

production of raw materials to the end of life,liring all intermediate steps. Companies can
rely on LCA to identify, assess, consolidate, iptet and disseminate data on the
environmental impacts generated by their activitidsnce, in management sciences, LCA is
commonly known as an environmental management atiogu(EMA) tool (Burrittet al,

2002; Antheaume and Christophe, 2005; Richard, 22082).

According to Schaltegger and Burritt (2000), enmir@ntal accounting can be defined as a
subset of accounting that addresses “activitieshous and systems as well as recording,
analysis and reporting of environmentally inducedrcial impacts and ecological impacts of
a defined economic systere.g, firm, plant, region, nation, etc.)” (p.63). Enwimental
management accounting (EMA) implementation usuafgrs to the tools that should allow:
i) “(...) to complete what “counts” in the managemertanting by considering the physical
flows and the costs that the company causes toothe to its activities; ang to expand
the categories of actors to whom the businessdsuatable” (Antheaume and Christophe,
2005, p.3). From this perspective, LCA can helgensure better internal management and
decision-making €.g. promoting cleaner production, improving eco-efficy and
calculating savings within organisations), and asove as a basis for external accounting
(e.g.providing necessary data for environmental regmjatgencies) (Jasch, 2005). From a
broader perspective, LCA constitutes a management. tMoisdon (1997) defines
management tool as “a formalization of organisad/iég, (...) any system of reasoning that

formally links a certain number of variables withem organisation, designed to provide
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information for the different acts of managemenhjch can be grouped under the terms of

the trilogy: plan, decide, control”.

Life Cycle Inventory (LCI) requires extensive quéias of data from companies. Activity
data is necessary for the assessment of foregrprowkssesi.g., core processes, directly
related to the product system at stake) and baokgrprocesses.€., not specifically related

to the product system). These processes comppsg amd output flows. Input flows include
consumed product® ., materials, services, consumables, etc.), inputasites (in the case
of waste management services) and resources fraorenge. from ground, water, air,
biosphere, land, etc.). Output flows comprise wafdeay, solid, liquid and gaseous waste for
waste management), emissions to air, water andasoiell as the final goods and services
being produced. Each of these flows includes séwen@ables €.g., productivity, distance
travelled, types of transport used, quantities afenals and energy used, etc.) that might be
taken into consideration during the data collectiuropean Commission, 2010b).
Background processes’ data related to basic contiegdire common secondary data sources
for LCA practitioners. These data can be found @ALdatabases and their availability is
essential for the creation of LCA studies. Alsoeithuse in parts of the core processes
(foreground system) can reduce the cost and migithis time and effort required to conduct
LCA studies (Zimmermanet al, 1996). In some cases, industry average dataedetatthe
core system can be even preferable to specific @ada systems including purchases from
multiple sources). In contrast, when average valuesincompatible with LCA applications
of particular production systeme.¢, for a situation where specific supplier is used),

enterprise-specific data should be collected,astléor the foreground processes.

Figure 1. Common approach of data collection in LCA
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Data quality may largely determine LCA results (&&&e et al, 2002). Data quality
management based on the application of data qualitjcators (DQIs) is strongly
recommended in the literature in order to ensurd IWSefulness and reliability (Weidema
and Wesnaes, 1996; Finnveden, 2000; Guetéd, 2002). LCA data quality assessment on
the basis of DQIs constitutes a semi-quantitativaliation of LCA data. In general, it
describes the aspects of data affecting the rétialif a LCA study’s result and assigns
scores (typically a range of 1-5) as a quality in{leigure 1). A pedigree matrix with DQIs
was first proposed by Weidema and Wesnaes (19269). Since then, this approach has
been used as the main reference for data quakgsasent in LCA guides (Guinée al,
2002; European Commission, 2010b; UNEP, 2011; We#d al, 2013) and LCA standards

(ISO, 2006a).

Although companies are the source of essential d@#, it seems that there is a mismatch
between LCA and environmental accounting. Evenahagers normally prefer to use other
EMA tools to generate the sustainability informatighey need, the physical and
environmental information required for LCA is fumdantal in several management roles
(e.g.finance, marketing, process, etc.) (Schalteggeal, 2015). In addition, management
accounting studies are rarely informed by LCA diaelopments and vice-versa. Indeed, the
LCA community rarely addresses issues related terprise dath LCA databases have been
widely developed but they are based primarily ctustry averages. Furthermore, work on
LCA data improvements are specifically related aontmonisation of background information,
in which a discussion of enterprise-specific dabesdnot take place, but rather addresses

issues such as how to deal with uncertainty andegggion (European Commission, 2010b;

! A recent publication of the UNEP/SETAC Life Cydfetiative addresses issues related to enterpese loased
on current practices of organisational LCA (O-LGANEP, 2015). Though it does not include new in&gh
terms of LCA data quality, it does raise awaremasthe issue.
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UNEP, 2011; Weidemat al, 2013; European Commission, 2012). Correspondjngyy
few in-depth assessments related to LCA have bemfertaken in the management
accounting literatufeand they have not investigated LCA implementatimsee how LCA
data quality management could be improved at tlgarosation level (Schaltegger, 1997;

Bicalhoet al, 2012).

This paper focuses on the role of the organisatiotihe LCA data collection process. The
objective is to analyse the foreground LCA dataleotion process from a management
perspective with the purpose of highlighting gapshie current LCA data quality assessment
approach. This is accomplished by applying theerirprevailing data quality assessment
approach to a primary data collection project, Whincludes an immersion in the
organisation during the data collection processofdingly, we take an interpretive position
(David, 2001a, 2001b; Hatchuel and David, 2008)oketent with management sciences’
methods for studying management tools — by obsgnand analysing the LCA data
collection process while considering subjective exignces within the organisation. In our
analysis, we rely on two theoretical fields in mgement sciences: first, management tools
(Moisdon, 1997), and second, environmental accogr(schaltegger and Burritt, 2000; Gray

and Bebbington, 2001).

2. Material and methods

2.1. Data quality indicators (DQISs)

2 We observe a certain number of conceptual framlesveelating LCA and environmental accountiregg
Schaltegger and Burritt, 2000; Gray and Bebbing&fQ1; Antheaume and Christophe, 2005; Richard9200
2012) as well as studies where the relevance afgiadlity becomes apparent in environmental acaogi.g,
Gale, 2006; Jasch, 2006; Stechemesser and Gued@i®). A few studies in management have questitimed
quality and relevance of LCA information within tlwentext of regulatory frameworks (Schaltegger, 7:99
Bicalho et al, 2012). However, they do not include the invesioga of LCA data quality through LCA
implementation.
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Table 1. Pedigree matrix with data quality indicat@QIsY

In this study, the pedigree matrix presented inl@dbis applied to assess the quality of
enterprise-specific data (related to the inputhenforeground system) used to quantify GHG

emissions of a specific oil palm production.

2.2. Interpretive intervention-research

It is possible to distinguish two fundamental egmsblogical positions in management

science: positivism and constructivism (Usureeial, 2007). They are characterised by two
opposing ways of seeing reality. Positivists temddards objectivity and consider that reality
can be explained objectively. Positivist researshbiave no interest in social and

organisational constructs (Wacheux, 1996). ConWgrsenstructivism is based on the idea
that one universal reality does not exist; rathé built, invented, and interpreted differently

by different social actors (Glaserfeld, 2001). Witlthe constructivism paradigm, we can

make a distinction between a radical position (deed above) and a moderate position,
called interpretivism. Supporters of interpretivideave the issue of reality unresolved
because they consider that the essence of thetotgemot be reached. They usually
emphasise the understanding of a phenomenon, vidjichoreover, developed from within

the phenomenon (Perret and Seville, 2007; AllardsP@and Marechal, 2007). In our

interpretivist approach, we use the case studyntierstand the process of gathering LCA
data within an organisation. This epistemologidadice is coherent with typical intervention

research applied in management science to invéstiganagement tools development and/or
implementation within organisations (Hatchuel, 1994ndry et al, 1996; David, 1998;

David, 2001a, 2001b; Hatchuel and David, 2008).

® Weidemaet al, 2013, published a new matrix (based on WeidendaVsiesnaes, 1996) with slightly updated
fields. The main modification is related to the gdeteness indicator, which is better defined inribey matrix.
Table 1 presents the completeness indicator apieisented in the new version of the pedigreeixnatr
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We conducted participant observation during the dallection. Participant observation is a
qualitative research method that is well suiteditoations where the researcher wishes to
understand a social environment. It goes beyonddtaeriptive (objective) aspect of the
research to seek to discover the meaning, dynaamdsprocess of a phenomenon (Lessard-
Hébertet al, 1997). In this study, participant observation wecessary to identify and
examine the sources of LCA data within the compasywell as the actions performed and
the difficulties encountered when gathering it. [Qadve face-to-face interviews were
conducted with nine employees of the company. Irstmaases, these interviews were
followed by additional discussions and email exgfean In addition, the lead researcher also
integrated a self-reflection element regarding ioée and activities within the company and

data-gathering context to complement the studwydirfigs.
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2.3. Case study
2.3.1. Background, goal and scope definition

The case study presented in this paper makes ustoohation from a LCA studyi.g., parts

of the scope definition and the inventory analys@)ducted in 2010 in the context of a thesis
in management sciendeghe motivation for the original study was to gexte knowledge
about the palm oil produced in Brazil, at that tiradittle-known biofuel source. The study
applied the "attributional" LCA approatki.e., a summation of the emissions resulting from
the production of all the inputs used in the fuenufacturing process together with the
emissions from producing the fuel itself) and ctdted only the climate change related GHG
emissions impact. The objective of the original L@@as to compare the environmental
impact of the GHG emissions of a biodiesel produfemn Brazilian palm oil with

conventional diesel fuel within the framework oétRenewable Energy Directive.

The agricultural phase is the key source of GHGurids of biofuels, and this differs widely
depending on the crop type, location and feedspwokluction (Edwardst al, 2008). Thus,
the original LCA placed particular emphasis ondfgecultural stage. The foreground data for
the oil palm production in the product system ig sipecific and was collected directly on
site. As the objective in the present study isrtalgse the foreground data collection process
of LCA from a management perspective, we only todk account enterprise-specific data

related to the foreground system for the oil patodpction.

* Les limites de 'ACV. Etude de la soutenabilitéid’biodiesel issu de I'huile de palme brésilien(iicalho,
2013). The LCA is presented in Chapter V. This wads co-financed by the French Environment and dgner
Management Agency (ADEME) and the French Develogmagency (AFD), and was intended for a wide
audience, ranging from researchers, internatiogeheies and organizations to anyone interestedsnes
related to GHG emissions from palm oil and biofmlirces.

® It is common to distinguish between attributiomaid consequential LCA. This paper is focused on the
attributional approach, which is the most traditibform, and makes use of site-specific and/or ayerdata. In
contrast, the consequential approach involves casgaof emissions in some policy scenario withaadiine
case and uses marginal data representing thesifeitte output of goods and services.
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2.3.2. Data quality goals (DQGS)
Data quality assessment depends on DQGs that finedi@ccording to the goal and scope of
a given LCA study. For example, a LCA study fordeterm strategic use would consider
different geographical and technological levels amdld place emphasis on obtaining recent
data rather than verified data (Weidema and Wesd&86). ISO 14044 (2006a) defines data
quality as “characteristics of data that relat¢hiir ability to satisfy stated requirements”. In

other words, the quality of a LCA dataset depenmdw/bat users require from it.

DQGs in the original study differ between the diffiet stages of the biofuel life cycle. For the
oil palm production considered in the present stiyGs are:
1. to use enterprise-specific data as much as poskiblthe foreground system. This
methodological choice is consistent with the faett the impact generated in agricultural
operations of oil palm plantations can vary sigrfitly between producers and between
regions, depending on soil and climate conditi@wsriey and Tinker, 2003);
2. to use representative data of an oil palm prodoctazated in Para, BraZilthat
applies modern farm techniques;
3. to use recent data, preferably corresponding toctbe year 2009 (recall that the
original study was conducted in 2010). The dataikhbe based on a one year average,;
4. to consider qualified expert judgeménh data related to fertilisers. This is suitable i
order to improve the credibility of the study as tBHG emissions impact of fertilisers in

oil palm production is usually substantial (Schm07).

® Paré is the largest palm oil producer in the oguand represented 80% of the production in 200grighual,
2010).

" The expert needs to have detailed technical espesh the item and the process in questirofkhamsri et
al., 2011).
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2.3.3. System boundaries and data collection
The foreground system evaluated is an agricultpraicess under the operational and
management control of Agropalma, a conventionalroensial farm located in the Brazilian
State of Para, where the firm has been in operaiimre 1982. At the time of the survey, the
company was the larg€sand most modern agro-industrial palm producer liazB (César
and Batalha, 2013).
Oil palm is a perennial crop with a life cycle lagtbetween 25 to 30 years under standard
plantation conditions (Corley and Tinker, 2003; Ghet al, 2011). The agricultural
production consists of several stages: seedlinglymtocon in nurseries (in poly bags for
thirteen to sixteen months); immature plantatiopsufg palms up to four years old with
reduced yields) and mature plantations. The foramgiasystem includes immature and mature
plantations, whereby seed production and nursemyest are excludédDetails on oil palm
agricultural management can be found in Corley @amker (2003). The product system

evaluated and data collection aspects are showigure 2.

Figure 2. Data collection related to the systermidlamies

The data collected include the amount and typeedilifers and pesticides, as well as fuel
used by machinery to establish the plantation esmasport the seedlings, field inputs, and the

fruit bunches. Each piece of data relates to tlkeeiBp amount of material and energy used by

% In 2009, the company was responsible for 75% efBhazilian oil palm production and its total pladtarea
was 39,115 hectares.

® The GHG emissions of seed production and nursepgesses are minor over the whole cycle (nursery
accounted for 0.01% of GHG balance at farm gat€lwo etal., 2011). Since the study focuses on GHG
assessment, irrespective of other environmentahainpategories, these missing processes do natthie
results and conclusions in the impact evaluation.t® other hand, the overall agricultural systeciudes
relevant background processes for the agricultsyatem, including production and transport of isptat the
fields and use of fossil fuels (see figure 2).Ha briginal study, secondary sources (which arecansidered in
this study) were used for background processes.

10
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the firm to produce 1 tonne of Fresh Fruit Bunc{i@=B) per hectar8

The period considered in the study is the year A0@8uary 1 to December 31). The study
took into account the average production per heataer the whole plantation (mature and
immature) of the firm in 2009 (expressed in tonoEEFB per hectare). Fertiliser inputs were
considered for immature and mature plantationsthege The input of organic fertilisers

includes N and P from empty fruit bunches (EFB).

3. Resultsand Discussion
Our analysis focuses on the production of LCA infation within the organisation and the
process of assessing data quality, rather thamethdts of data quality assessment. In this
sense, the data quality indicators are presentmiqsction 3.1), but are not interpreted with
uncertainty calculations. The production of LCAadmhation is specifically addressed in
section 3.2, with a particular focus on the proldeemcountered during the data collection
process. Upon this basis, the analysis on LCA datdity assessment from a management

perspective is provided in Section 3.3.

3.1. Results of the data quality assessment

The results of the quality assessment are presenieable 2.

Table 2. Data quality indexes attributed to theegise-specific data assessed

1% |n the original study, the functional unit is oogit of energy content — 1 megajoule (MJ) — of fuEhis
functional unit enables the biofuel system and tbeventional fuel system to be treated as funclipna
equivalent and, thereby, establish a basis for esisgn of the two products. However, for this stude take
into account the production of 1 tonne of FreshitHBunches since only the production of biomassot-the
entire biofuel system — is considered

11
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3.1.1. Reliability
According to Weidema and Wesnaes (1996), the ngtiamdicator “relates to the sources,
acquisition methods and verification procedures duge obtain data” Reliability is
independent of the data quality goals. In otherdspfa decision made under the goal
definition does not change the reliability of thetal and the score should be identical if the

data is used in another stud{¥Veidema and Wesnaes, 1996, p.169).

A score of 1 was attributed to yield data, whichsvilmsed on physical measurements. This
data, provided by the CSR manager, was well docteden the management system. Data
on mineral and organic fertilisers correspond te thll amount of fertilisers effectively
applied to the field. The information was organisedExcel files elaborated within three
different departments: fertilisation, R&D, and agitural maintenance. Since fertilisers and
their related field emissions have a large GHG simis impact (Schmidt, 2007; Chebal,
2011), we conducted a review of these data with frem oil palm production specialiéts
The score of 1 attributed to all the informationfertilisers is justified, first, because these
data are based on physical measurements and, seloecause we conducted a review

process on relevant data based on experts’ feedback

Data on pesticides and fueksd, for machinery used to establish the plantaticsh taainsport
the seedlings) also correspond to measured quemtidowever, the diesel used for land
preparation corresponds to estimates from subadotsa responsible for providing this
service. Neither the information on pesticides morfuels were verified. Therefore, based on

the pedigree matrix, these data have been giveara sf 2.

' In short, the amounts of phosphorous (P) and geimo(N) showed especially weak quantities compéved
similar production in Asian countries (Schmidt, ZD0Several combined factors explain these lowilifgst
rates: 10% of the total area was not fertilisedcélose the palm trees were over 23 years old),rhatiats were
averaged over the whole plantation. Moreover, 16%he plantation area only received organic fesgits,
which have a lower amount of nutrients than minéesllisers.

13
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3.1.2. Completeness

Completeness is also independent of the DQGsldteie to the statistical representation of
the data and the representativeness of the pefidata collection. In the case in question, we
gathered enterprise-specific data from 2009 coaeding to 95% of the total production (5%
is outsourced). The most relevant data was coresidas representative when compared with
a three-year average. For example, data on ferslisepresents 95% of the overall amount of
fertilisers used in the palm plantations in 2009wdver, data on N fertiliser is not exactly
representative of the evaluated system becauds@nihéad decided, for strategic reasons, to
reduce N applications by 25% in 2009 compared $ostandard proceddfe With the
exception of data on N fertilisers, which is givarscore of 2 for completeness, other data
points are considered “representative data fromfiicent sample of sites over an adequate

period” (.e., a score of 1).

3.1.3. Temporal, geographical and further technatabcorrelations
Temporal, geographical and further technologicairatations are dependent of DQGs.
According to Weidema and Wesnhaes (1996), theserieritepreseni) the time correlation
between the year of the study and the year of thmirmed dataji) the geographical
correlation between the defined area and the dddadata; andi) all aspects of correlation

other than temporal and geographical aspects.

As specified in section 2.3.2., DQGs included tke of representative data of an oil palm
production applying modern farm techniques locatethe Brazilian state of Para. All the

data considered in the study are enterprise-spefidm a modern agro-industrial palm

21n order to show the usual scenario, a sensitdlitglysis was conducted in the original study bgiregi 25%
to the amounts related to mineral fertiliser N.

14
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production in Para and thus represent the geogralpiiea, the technology and the materials
under study. So, each piece of data is given aesgbf for geographical and technological

correlations. In addition, DQGs specified the prefee for the use of recent data. As the data
collected is from 2009 and the year of the studg 2@10, the data are also given a score of 1

for temporal correlation.

3.2. Problems encountered

We carefully observed the data collection processonder to identify and examine the
variables influencing data quality at the organdisatevel in the creation of the LCI. In this
section, we describe the problems and difficuleesountered during the process, detailing
seven documented variables: departments involvednifer and specificity); number of
participants; data format; method for producingadatata availability (period-years); time
needed for data collection; verification (indepamdeeview). Table 3 shows the

characteristics of the data collected accordinipése variables.

Table 3: Characteristics of the enterprise-spediita assessed

Gathering company data was a challenge. Basedeoahidwracteristics presented in the table
above, we discuss three significant well-known ikeesrin the LCA community that were
encountered during the creation of the LCI: thenificant investment of time for collecting
and treating data, the restricted availability andiccess to LCA data, and the absence of

formal independent verification.

3.2.1. A significant investment of time for datdemtion

15
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The company uses a traditional management infoomagystem calle@IGLA that gathers
financial, industrial and accounting informationane database, and makes this information
accessible to the company's users. This systemasedbon four integrated information
management modulesg,, commercial, financial, industrial and accountjnghd provided
certain environmental informatior.g., mineral fertilisers used in immature plantationsl a
diesel used for transportation). Nevertheless, lsEanvironmental data are aggregated in
the system, the required data do not exist in mdbthat is useful for the creation of the LCI.
Indeed, the utility of this management informatisystem for data collection was quite
limited. Most of the information was collected framultiple sources, mainly specific Excel
files, derived from different departments. Datalextion involved the participation of nine
people from six of the firm’s departments. Figurpus into perspective the magnitude of the

involvement of the company's departments duringitta collection.

Figure 3. Company'’s structure and departments ueebin the LCA data collection

In this context, the data collection process todious a week; about a month when
considering the waiting time for people to prodtiod/ the requested data. Also, it required
the complete cooperation and significant efforthef company employees that participated in
the process. The CSR manager commented that tixpected time and effort required to be
invested was problematic for them and if the comgphad previously imagined the time
required for LCA data collection, the collaboratitor the study would probably not have
taken place. Moreover, several days were needdachnsform flow names, quantities and
units into appropriate LCA data for the creatiortted LCI. This was particularly the case for
fertiliser use, for which five years of raw datasaa the form of lists with fertiliser formulae.

Table 4 provides an example of the raw data catect
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Table 4. Example of raw data collected

It should be noted that the data gathering andgssing for this study were undertaken in the
context of a thesis project (see section 2.3.1)chvhllowed for a very generous allocation of
time. Under normal business conditions, it woulddigcult, if not impossible to undertake a

data collection process with the same degree @ifspty.

3.2.2. The difficult access to, and limited availiap of, LCA data within

the company
The difficult access to LCA data is, in part, rethto the time required to obtain useful data.
In this case, some data were available for seweals of the period being examined, while
other years were not, and this limitation was ofiee to the extensive time required to find
the information within the company archives. Oraliy, the study intended to consider actual
activity data for five yearsi.e., from 2005 to 2009), but given the difficulty tacass the
information, the company was unable to meet ourateimHowever, since it was possible to
compare relevant data with a five-year averagetiquaarly related to fertilisers), this
limitation did not compromise the completenessiaite of the data (recall from 3.1.2: data
on N fertilisers was given a score of 2 and alleotdata points are given a score of 1
regarding the completeness attribute). However,cangd easily imagine a scenario where a

lack of relevant data, due to the reasons statedealloes hinder a study result.

Data availability also posed significant challendesr example, quantities of effluent applied
on the field as organic fertiliser were unavailafdeany year, but were able to be estimated
from the literature. As we focused the LCA dataliqpassessment on enterprise information
and applied it only to data collected directly withhe organisation, this aspect is not shown
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in Table 3.

3.2.3. The absence of independent verification

Verification is a term originally coined for QualiManagement Systems (QMS) and applied
for Environmental Management Systems (EMS). ISO190€fines verification as a process
that “uses objective evidence to confirm that dipeti requirements have been met”.
Verification can be done in several ways, for exkmipy tests, calculations, documents
examination, etc., Third party verification guaeeg the external and independent nature of
the registration process (ISO, 2005). Grahl andiStke (2012) highlight that, transferred to
LCA, the term “verification” has been transformegibto a pseudo synonymous for critical
reviews, but this is a misinterpretation. Althoughtical review in LCA implies an
independent process by an outside organisen, (SO 14044 requires a third party critical
review “for LCA studies used to make comparativeeaison that is disclosed to the public”),
the objective evidence, which is “data supportimg éxistence or verity of something” cannot

be attributed to the criteria of a critical reviéw

In the case study presented in this paper, twoctspeere observed when applying the
reliability indicator as proposed in the pedigreatmx. First, a reliability score of 1 was
attributed to yield data and to all the informatiom fertilisers. This is justified by the fact
that those data are based on measurements arthéljainderwent an expert review. Based
on the pedigree matrix, these two characteristaralined correspond to the score 1 (the
strongest score) for data reliability. However,data collected underwent “verification”, but

rather a “critical review”. An attempt was made partially address verification of the

13 According to the 1ISO standard 14040 (2006), thecatireview process shall ensure that “the methedsl to
carry out the LCA are consistent with this Interoiaél Standard; the methods used to carry out DA are
scientifically and technically valid; the data usae appropriate and reasonable in relation togtie of the
study; the interpretations reflect the limitatioientified and the goal of the study; and the stuelyort is
transparent and consistent”.
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relevant data on fertilisers with significant climahange impact with a review, supported by
experts ie. oil palm cultivation specialists provided judgnetased on their knowledge
and experience). Although expert judgment on datansidered highly valuable to assure the
credibility of LCA studie&’, this practice differs completely from a formalrifieation
through the provision of objective evidence involyian outside organism. Secondly, a
reliability score of 2 was attributed to data orstprdes and fuels, but these data did not
undergo verification or critical review. Based ¢ {pedigree matrix, a score of 2 is assigned
to non-verified data based on measurements oneimbitity indicator. Since scores can
range from 1 to 5, a score of 2 can be interpreaedhe very least, to be “good reliability
data”. In other words, based on the pedigree mathi& absence of verification does not

compromise the reliability attribute of the data.

3.3. LCA data quality assessment from a management @&rgp
We can draw from two major research approacheteceta management tools to explain the
limitations of LCA data collection within organigats. The first focuses on the physical
dimension (technical substrate) of the tool andbased on the passivity of the users. The
second, more critical approach perceives the mamegetool through the prism of all its
components: the physical, social and organisatidimaénsions (Lorino, 2002; David, 1996a,
1996b; De Vaujany, 2005). The case study will becassed from a management-based

perspective by taking into accounting these twoogpp approaches in management sciences.

3.3.1. LCA: a tool based on the passive tiser

4 Expert judgment is generally considered as a gmethod to apply to achieve a good LCA data review
(Chomkhamsri et al., 2011).

!> The term “passive user” is employed to designatsithat are passive to a tool already designédanget of
standards to be applied.
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The approach based on the premise of passive segem users assumes a positivist view of
the management tool, and accordingly, assumes fistelece of an objective reality,
independent of the user’'s perception (Simon, 19gEgentially, the management tool is
conceived without considering the context in whicks introduced (Berry, 1983; Moisdon,
1997). This approach is supported both by a reptasenist conception of reality and a
conformation conception that coexist in most caskscording to Lorino (2002), the
representationism corresponds to a view centreth@mbility of the tool to represent reality
based solely on its intrinsic qualities. From the&spective, the organisation actor is without

desires, strategies, goals or identities (Grimao@g, p.15).

Two major facts provide evidence for this approaghen considering the problems
encountered in the LCA data collection processemriesl in the previous section. First, the
availability of environmental information was inegably tied to financial management. The
financial nature of the information can, in fachl partially respond to environmental
information needs. As described in the case stullg, utility of the firm’s traditional
management information system for LCA data coltettivas very limited. According to
Christophe (1995), traditional management systeme wnsuitable for environmental
management accounting either because we come upstgaits well known in traditional
accounting (which is the case of individualised engiture accountj or because the
environmental assessment goes beyond the scopaditfianal economic analysis. In the
context of the present study, only data relatedléments with considerable financial impact
to the firm are easily accessibkd, information on the yield, available for severahys, or
data on mineral fertilisers, which represents 30%e company’s production costs). In sum,

this aspect explains both the issue of restrictecess to/availability of environmental

'8 1n accounting, it is not always easy to individselcosts. It is not because they are recognisemsts that
they constitute “information”. To beconmgformationthey must be recognisable (Christophe, 1995).
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information issue, as well as the extensive tingiired for the LCA data collection process.
Furthermore, environmental information was not piaatl and verified on the same basis as
financial information. Management and financial @atting involves compulsory
calculations, with data that are externally audiéedording to generally accepted standards

and have their costs financed by the firms.

Second, DQIs do not capture pertinent data qualityrmation related to data management
and control. Current DQIs are actually us¢dto revise the data collection strategy to
improve the quality of data collectioréndii) “in combination with uncertainty estimates
give a better assessment of the reliability of thsult” (Weidema and Wesnhaes, 1996).
However, data representativeness is the key tanmgagood results in LCA data quality
assessment (Leroy, 2009). In other words, if thed gbthe study is a specific LCA, the use of
enterprise-specific data qualifies the informatasnexcellent or, at least, very good. From this
perspective, in the prevailing approach of LCA datality assessment, only the quality of
industry average data (usually background inventdaya) appears to be questionable.
Furthermore, the LCA community tries to bridge dgaégs by concentrating research efforts
on centralised information-based solutions, suchhasdevelopment and harmonisation of
LCA databases (usually based on industry averatg déthout addressing solutions related
to site-specific data collection (European Comniss2010b; UNEP 2011; Weidenea al,

2013; European Commission, 2010b).

The previous approach by which we characterise lpC#ctice and data collection is often
criticised in management sciences, especially ewvof the differences that may exist
between the expected and the actual use of the (Moisdon, 1997; Berry, 1983; De

Vaujany, 2005, 2006; Grimand, 2006). Therefore, ynawthors discuss the role of
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stakeholders in the implementation of the tool {(hoy 2002; David, 1996a, 1996b; De
Vaujany, 2005) and advocate a broader view of memagt tools in which they are seen

beyond the technical substrate.

3.3.2. LCA through the prism of all its componentsbroader approach

Like any tool introduced in organisations, it isspible to interpret LCA in different ways.

LCA maintains a dual relationship with the orgahaa first, it brings the company a new
way to organise, communicate, and manage its besiretc. (normative dimension); and
second, the company provides information about diésly activities allowing further

development of the tool while also interpreting amdapting the tool according to the
company’s characteristics and needs (adaptive dilmep Although it is argued in the LCA

literature that data quality management must benegrated part of a LCA (Weidema and
Wesnaes, 1996), the study indicates that goodtgualiA studies also require data quality
management to be integrated at an early stage arganisation level. In other words, when
performing the LCA study, the data to be colleatedkst first have passed through a quality
management process within the company. Based oanidigsis provided above, we identify
three ways that, combined, would allow LCA to pexy in this direction: 1) the development
of a more flexible pedigree matrix, 2) policy sugp@nd 3) the inclusion of appropriate

environmental systems at the level of the orgainisat

3.3.2.1. The development of a more flexible pedignatrix
One explanation for the data management and codiffitulties encountered during the
LCA data collection process lies in the fact tha tompany does not have a dedicated
structure that can accommodate and organise emvéotal data in a uniform, on-going basis.

In order to ensure the usefulness of LCA as a meesupport tool, the pedigree matrix
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should capture data management and control aspdets, it is imperative that the data
quality system distinguishes between industry ayesaand enterprise-specific data. In

addition, when applied to enterprise data, thegredi matrix should:

classify the organisations that are able to providieiable LCA informatiot. This
implies, for example, the need for a dedicatedctire or, at least, an appropriate
environmental information system. As noted in thsecstudy, a discrepancy exists
among different company departments in terms oif tevironmental information
management because different actors require diffekends of environmental
information to fulfil their different managementles. This suggests that companies
need to consider embracing transdisciplinary inffton systems to support
managers. (Schaltegger and Csutora, 2012; Schaitegal, 2015).

The implementation of such a system would have sitige influence on the
completeness attribute of the data. As illustratethe case study, some data were
available for several years of the period beingnerad, while other years were
unavailable; some data was nonexisteng.(quantities of effluent applied on the
field). An appropriate environmental accountingtegs would, theoretically, provide
accurate site-specific information on a periodisibaand would reduce the problem
of limited LCA data availability, allow for bett@ompleteness of the information and
enable high-quality LCA studies. In addition, séleg the organisations that are able
to provide adequate LCA information would improvee tefficiency of the data
collection processes. Although the efficiency aspsmot directly related to data
quality, it promotes good practice since LCA datflection depends on the resources

available, especially time and money;

' This could be done, for example, through a shaestjonnaire applied using inexpensive means (orail
telephone) to the companies concerned. Note timtdlassification” shall not be considered for tases where
the LCA study requires data from a particular conypa
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ensure the reliability of LCA studies through dercspecifications on LCA data
verification Although, in principle, verification procedureseareflected in the
reliability indicator, data verification is not @ldy addressed in the pedigree matrix.
When applied to enterprise-specific data, cleauireqnents for objective evidence
should be provided and be reflected in the religbihdicator scores. In this regard,
as observed earlier in this paper, “verificationida“review process” €.g9. peer
review, expert review, stakeholder review) canmdubed synonymously (Grahl and
Schmincke, 2012): verification includes objectivadence, involves a third-party
organism and occurs at the management level; thewegrocess can be described as
a “supervision” of the LCA study and does not imigdwbjective evidence. It is worth
pointing out that, in the context of management fimahcial accounting, companies
are already familiar with formal procedures invalyithe provision of objective
evidence, where data is verified through externalitaprocesses in accordance with
international accounting standarésg(,International Standards on Auditing IAS) and
whose costs are borne by the firms. In a similahitan, well-designed environmental
management accounting tools enabling the provisibrneliable LCA information
could also be established. Although there stithasglobal consensus with regard to
external assurance standards for sustainability @B, 2016), the existing
standards applied for QMS and EMS that are basetherprovision of objective
evidence €.9.,1SO 9001 and ISO 14001), may be helpful in prowdihe baselines

for such implementation at the company level irGAldata quality context.

3.3.2.2. Policy support for further guideline deomhent

Environmental accounting needs to be taken sesiatsihe policy level. In fact, the lack of

regulation and standardisation may largely expiaadequate environmental information in
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management (Bicalhet al, 2012). As highlighted in the section above, theent standards
must be further developed to be more helpful foALdata verification in corporate practice.
Public policy instruments that directly require thpplication of LCA® could be powerful
mechanisms to promote LCA data quality in termsdafa management and control by

introducing relevant specifications.

3.3.2.3. The inclusion of appropriate environmenglstems at the

organisation level
Combined with policy support, new LCA data qualitganagement and control developments
(e.g, development of a more flexible pedigree matrixdynereate an appropriate normative
dimension for LCA in the management context. Imfunew environmental information
systems compatible with the collection of LCA datiathe business lev&lmay appear,
resulting from the interpretation of the tool byethorganisation. This phenomenon
corresponds to the concept of appropriation, wisamainly based on the idea of “design for
the use”, where the design and use phases arimed in an iterative and continuous cycle.
From this perspective, the management tool assitshesrmative and adaptive dimensions.
The normative dimension constitutes the rules erdijectives determined by designers.,(
all the guidelines issued by the designers on dmeents of the tool, characteristics and terms
of use), while the adaptive dimension comes fromititerpretation of the tool by the users.
The latter can encourage new design phases basest@mmendations expressing the point
of view of the users in the organisation, as weltreeir perceptions and attitudes towards the

tool.

'8 | CA is increasingly important in policy making espally in the European context. The Renewable @ner
Directive (RED) (European Commission, 2009a), tikedesign Directive (European Commission, 20098, th
Energy Labeling Directive (European Commission,@)land environmental product declarations (EP&®),
some examples of recent EU public policy instrura¢hat directly require the application of LCA.

9 To our knowledge, few LCAs conducted to date Hasen supported by appropriate information systéms,
some environmental information systems specificdbgigned for such purpose are already availablke, fer
example, Euret al, 2009).
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4. Conclusion

Data quality issues have been addressed in the lit€/ature since a long time ago, but

research and corporate practice are still challéngdind good solutions to solving problems
with regard to LCA data quality. The current apmtodo assess LCA data quality neither
encourages data quality management at the orgamidavel nor ensures the usefulness of
LCA as a decision-support tool. This study demaiss that basic limitations inherent to the
data collection process are neglected by the uséhefcurrent prevailing data quality

assessment approach. The case study revealedhi& the case, reflected in the extensive
amount of time spent to collect and treat dataréiséricted access to and limited availability

of LCA data, and the absence of formal independentication.

From a management perspective, common problemsustered during the LCA data
collection as described in the case study are ovkeld because LCA constitutes a passive
user-based tooli.¢, the LCA is typically performed outside the orgatisn’s operational
context). The LCA community tries to overcome detdlection problems by concentrating
research efforts uniquely on centralised informati@sed solutions, such as the development
and harmonisation of LCA databases established findustry average data. As a
consequence, DQIs are not conceived to assessi#hieyf enterprise-specific data derived
from established management systems. But if we foakside the box”, it is possible to see
LCA as a management tool in a different light, inieh it opens up new perspectives for the
organisation . First, LCA provides the company avn&ay to organise, communicate,
manage its business, etc. Second, through the iog-goovision of information on its daily

activities, the company can develop, interpret amdhbpt the tool according to its
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characteristics and needs. This is supported byniia observations of the case study: LCA
quality requires active, integrated data qualitynagement at the organisation level and not

just passively and periodically, as part of a LGAdy.

Our analysis suggests that LCA data quality assessmshould, in a preliminary stage,
classify the organisations that are able to provigeable LCA information. By identifying

firms with a dedicated structure, the completenatdsbute of the data would be better
assured while the extensive amount of time requwed CA data collection could be greatly
reduced. Also, the reliability criterion should bmore explicit and strict regarding
verification. If these aspects were taken into aotdy regulatory frameworks, LCA could
better support economic actors to reduce their renmental impact while promoting

environmental accounting. In turn, firms would playole in enabling LCA progress as a
management tool: this appropriate normative contexiuld create more favourable
conditions for the establishment and implementatadnnew environmental information

systems, compatible with the collection of LCA datahe company level.

Finally, the present study has two important litmtas. First, the scope is limited to the
application of the current data quality assessna@proach to a case study conducted in a
Brazilian oil palm producer. Although the findingse relevant, more study is needed for
more generalised conclusions. Second, DQIs werkedpgnly to enterprise-specific data for
inputs in the foreground system. As systematicrercan significantly influence LCA results,
LCA data quality assessment is relevant to anyep@cinformation used in a life cycle

inventory.
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Table 1. Pedigree matrix with data quality indicators (DQI s)

Indicator 1 2 3 4 5
score Excellent Very good Good Fair Poor
Reliability Verified data Verified data Non verified Qualified Non qualified
based on partly based on | data partly estimate estimate
measurements assumptions or | based on
non verified assumptions
data based on
measurements
Completeness | Representative Representative | Representative | Representative | Representative
data from all data >50% of data from only | data from only | unknown or
sites relevant for | the sites some sites one site data from a
the market relevant for the | (<50%) relevant for the | small number
considered, over | market relevant for the | market of sites and
an adequate considered, market considered or from shorter
period to even over an considered or> | some sites but | periods
out normal adequate 50% of sites from shorter
fluctuations period to even | but from periods
out normal shorter periods
fluctuations
Temporal < 3 years of 3 to 6 years 5to 10 years 10 tol15 years Unknown or
correlation difference to difference difference difference 215 years of
year of study difference
Geographical | Data from area Average data Data from area | Data from area | Data from
correlation under study from larger with similar with slightly unknown area
area in which production similar or area with
the area under | conditions production very different
study is conditions production
included conditions
Further Data from Data from Data from Data onrelated | Data on related
technological | enterprises, processes and | processes and processes or processes or
correlation processes and materials materials materials but materials but
materials under | under study under study same different
study but from but from technology technology
different different
enterprises technology

Source: Weidema et al. (2013). Updated from Weidema and Weasnaes (1996).




Table 2. Data quality indexes attributed to the enterprise specific data assessed

INVENTORY OF INPUTS (2009)

Enterprise specific data

Data quality indexes

MINERAL FERTILISERS

N (kg N/ha) (1,2,1,1,1)

P (kg P205/ ha) (1,1,1,1,1)

K (kg K20/ ha) (1,1,1,1,12)

Mg (kg MgO/ha) (1,1,1,1,1)

ORGANIC FERTILISERS

N (kg/ha) (1,1,1,1,12)

P (kg P205/ ha) (1,1,1,1,1)
PESTICIDES

Glyphosate (2,1,1,1,1)

Acephate 2,1,1,1,1)

DIESEL

Mecanisation (2,1,1,1,1)
GASOLINE

Gasoline. (2,1,1,1,1)

Ethanol 2,1,1,1,1)




Table 3. Characteristics of the enter prise specific data assessed

MINERAL ORGANIC
DATA YIELD FERTILISERS FERTILISERS PESTICIDES DIESEL GASOLINE
N (Kg N/ha): 45,82
DATA P (Kg P205/ha): 81,62 . Glyphosate: 0,63 kg/ha
(processed) |1/72t/ha K (Kg K20/ha): 185,3 |\ (K8/MaBFB):18,67 |, ot ate: 0,12 kg/ha | 002 ke/ha 1,79 kg/ha
MG (Kg Mg0O/ha): 19,3
e irt‘“"der/ CSR AC, AP, R&D CSR and R&D Aland ChC Aland AP Al
b. People .
involved a b,c,d,e and f aandf gand h gandi g
¢. Method Physical Physical Physical Physical Data generated by Data generated from
calculations based on calculations based on
measurements measurements measurements measurements : :
expenditures expenditures
d. Data . Lists with the amounts . Lists of the name and | Data displayed in a table |Data displayed in a table
format Excel list (from FNPK s of each Excel list (from faoplied f derived f f derived f
database) 0 contains of each | . tabase) amounts of applie ormat (derived from ormat ((derived from
fertiliser applied pesticide products contracts with suppliers) | contracts with suppliers)
e Data One. year dat:fl (2009) Not applicable for One year data (2009)
. available for immature |immature; . One year data (2009)
availability | More than ten . available One year data (2009) .
. plantations; One year data (2009) . . i available
years available . . . Five years available for | data available
Five years available for |available for mature .
. ; mature plantations
mature plantations plantations
f.Required |Less than one More than one day for Not applicable for More than one day for More than one day for Not applicable for
time hour immature plantations |, i immature plantations |, immature; more than one
immature; Few hours immature and mature
and few hours for . and few hours for . day for mature
) for mature plantations . plantations .
mature plantations mature plantations plantations
g. Audited No No No No No No

In order to facilitate the reading of the table, the names of the departments (a) have been replaced by the initials of the departments (see Figure 3);
and the names of the participants (b) have been replaced by lowercase letters. The required time (f) includes the time spent during the interviews
with the participants and the effective time needed to produce the information.



Table 4. Example of raw data collected

Fertiliser 2009 AMOUNT DATE
(03-09/02-24) + 2,8 Mg ¢/ Kieserita 1533t
06-05/01-28 + 1,2% Mg ¢/ kieserita 3.204 t
05-10/03-19 + 2% Mg c/ kieserita 4211t 07/0910
05-08/02-20 + 2,08 Mg c/ kieserita 1.355t provided by R. C.
07-05/01-25 + 1,36 Mg ¢/ kieserita 1956 t pigaral
04-08/02-24 + 2,19 % Mg c/ kieserita 647 t
00-16/04-00 + 8,16% Mg c/ kieserita 550 t
08-00-23 + 2,1 % Mg + Micro c/ kieserita 582,08 t
07-00-24 + 2,6 % Mg + Micro c/ kieserita 836,20 t
05-00-28 + 2,5 % Mg + Micro c/ kieserita 412,07 t
03-00-31 + 3,5 % Mg + Micro c/ kieserita 648,68 t
08-00-28 + 1,2 % Mg + Micro c/ kieserita 2.690,82 t
07-00-28 + 1,5 % Mg + Micro c/ kieserita 3.156,15t
15-09-20 + 1,2% Mg + Micro c/ kieserita 2000 t
TOTAL 23.882t




ACCEPTED MANUSCRIPT

Figure 1. Common approach of data collection in LCA
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Figure 2. Data collection related to the system boundaries
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Figure 3. Company’s structure and departments involed in the LCA data collection
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