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Abstract: One of the most recently developed life cycle-based methods is an environmental footprint
of products and organisations established by the European Commission. A special procedure of
data and dataset quality assessment has been developed as a part of the environmental footprints
methodology. The procedure may be recognised as vital and powerful but, at the same time, a
bit complicated and time-consuming. It is worth discussing this subject and looking for potential
simplification. In this paper, we suggest a possible way for simplification. We propose to remove an
impact-assessment-based step from the procedure of company-specific datasets quality assessment.
There are two potential benefits: a reduction in the need for expert knowledge and time savings. The
threats posed are connected to the fact that all data influences the Data Quality Rating indicator of
the entire dataset to the same degree. With a higher volume of data included in the assessment, there
is a risk of greater differentiation in their quality. In this paper, an example of raw milk production is
presented. The assessment of quality of the dataset was performed in three variants: pursuant to
the approach established by the European Commission in the pilot phase, transition phase and with
certain modifications employed.

Keywords: Product Environmental Footprint; company-specific datasets; data quality assessment

1. Introduction

Many environmental problems are related to energy. It is extremely important to
assess the consequence of energy production and consumption in the whole life cycle
perspective. Life cycle-based environmental tools, such as the Environmental Life Cycle
Assessment (LCA), Product Carbon Footprint (CFP), Product Water Footprint (WFP), or
Product Environmental Footprint (PEF), are becoming increasingly important in both
policy strategies and economic practice [1–4]. Life cycle-based management tools are also
widely applied in the energy sector [5–7]. The reliability of the final results obtained in
life cycle analyses is influenced by many factors from different phases of these studies,
e.g., assumptions and value choices made by the practitioner when defining the goal and
scope, multifunctional solutions in product systems, data quality (LCI and LCIA), model
quality (LCI and LCIA), weighting factors, study reviews, or even the version and update
of secondary databases. Despite the credibility of final study results based on the life
cycle concept constituting a component for many variables, one of its key elements is the
quality of data used in phase two: the analysis of the input and output data sets (LCI),
i.e., inventory data. Because energy occurs in many company-specific datasets and often
seems to be a hotspot in the product’s life cycle, it is important to analyse the procedures
established to assess the quality of company-specific datasets.
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1.1. Data Quality Assessment—General Overview

There are procedural steps related to the quality of inventory data to be taken at
three of the four phases of the life cycle analysis: definition of the goal and scope (data
quality requirements), a life cycle inventory (validation of data: data quality assessment
and treatment of missing data) and an interpretation (uncertainty analysis). Data quality
is understood to be ‘characteristics of data that relate to its ability to satisfy the stated
requirements’. Thus, the starting point is to define these requirements. ISO standards
concerning life cycle techniques provide for the parameters that should be included in the
data quality requirements. Moreover, over the years, these parameters have not changed
a great deal. The first version of ISO 14040:1997 listed seven parameters, while the most
recent ISO 14044:2006 provides for ten data quality parameters: time-related coverage;
geographical coverage; technology coverage; precision; completeness; representativeness;
consistency; reproducibility; sources of the data; and the uncertainty of the information [8].
In the case of comparative assertions intended to be disclosed to the public, all of the
parameters mentioned above should be addressed. With a strong dependence of life cycle
analyses on study context and the need for flexibility, the requirements and guidelines in
ISO standards are still universal, but general. Additionally, with regards to the assessment
of data quality, the standards do not provide detailed instructions. Therefore, over the
years, some approaches have been developed in which these general guidelines have been
operational. The first publications on data quality assessment appeared in the early 1990s,
i.e., even before the first ISO 14040s standards were published. In 1992, SETAC published
a conceptual framework for Life-Cycle Assessment Data Quality [9]. In 1995, the EPA
commissioned a report entitled Guidelines for assessing the quality of Life Cycle Inventory
Analysis [10]. Vigon and Jensen published the results of their survey of individuals
and organisations experienced in data and database quality assessment [11] and, a year
later, Weidema and Wesnaes’ work on an example of using data quality indicators was
published [12]. These publications provide a systematic summary of data sources, data
types, data aggregation, data quality goals, and data quality indicators. Weidema and
Wesnaes proposed using the so-called Pedigree Matrix as a semi-quantitative approach to
data quality assessment with five data quality indicators and a five-point scale for scoring.
Weidema published the results of testing the proposed approach in 1998 [13].

Until recently, the Pedigree Matrix had been successfully applied in practice. Many
publications [14–20] refer to the concept of data quality indicators and the Pedigree Matrix.
Van den Berg et al. (1999) provided an example of the operationalisation of the framework
for quality assessment in LCA, based on the Spread-Assessment Pedigree, by evaluating
the overall quality of an LCA result with the use of 15 different quality factors related to
unit processes or whole systems [14]. The ILCD Handbook includes practical aspects of
the data quality concept, quality levels and quality ratings for the data quality indicators,
among others [15]. Papers [16,17] present the methodological issues and results of an
eco-invent project to refine the Pedigree Matrix approach. Some methodological consider-
ations concerning existing methods used to assess the quality of the LCA study are also
presented in Lewandowska et al. (2004) [18]. The updated data quality system included an
approach to the Pedigree Matrix, as described in Guidance on Data Quality Assessment
for Life Cycle Inventory Data [19]. Additional recommendations on data quality creation,
management and use in LCA databases and studies are included in Edelen and Ingwersen
(2018) [20]. One of the latest proposals based on this semi-quantitative approach includes
a data quality assessment methodology, developed by the Joint Research Centre for the
European Commission as part of the Environmental Footprints Initiative for products and
organisations [21].

1.2. Environmental Footprints—Basic Aspects

According to the Commission Recommendation (2013/179/EU), the motivation for
the development of the environmental footprints methodology was to address the problem
of proliferation of different methods and initiatives used to assess and communicate life cy-
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cle environmental performance. Environmental footprints have a common methodological
core for Product Environmental Footprint (PEF) [22,23] and Organisation Environmental
Footprint (OEF) [22,24], while more operational and detailed guidelines have been devel-
oped for individual product categories (Product Environmental Footprint Category Rules,
PEFCRs) and sectors (Organisation Environmental Footprint Sector Rules, OEFSRs).

Environmental footprints are based on the LCA methodology and draw some inspi-
ration from the requirements and guidelines of ISO 14040s. The difference is that while
the ISO guidelines are basically general, the guidelines for environmental footprints are
planned to be more detailed and to constitute a kind of ‘cookbook’ for PEF/OEF prac-
titioners. This also applies to data and datasets’ quality assessment. A first procedure
was developed by the European Commission during the Environmental Footprint (EF)
pilot phase (2013–2018) [25] while the updated version has been published during the
current transition phase [23,24]. The EF pilot phase was aimed at testing the processes for
creating product and sector-specific rules, testing various approaches to verification and
testing different communication vehicles [21]. The EF transition phase has been focused on
three goals: ‘monitoring the implementation of existing PEFCRs/OEFSRs; developing new
PEFCRs/ OEFSRs; and new methodological developments’ [21].

1.3. Aim of the Study

In this paper, we will apply both versions of the procedure to assess the quality of a
company-specific dataset developed by the European Commission: (1) during the pilot
phase and (2) during the transition phase. This procedure seems to be a powerful approach
but, at the same time, it may be recognised as being too complex and time-consuming. It is
worth discussing this subject and looking for potential simplifications. Our contribution is
to suggest a possible way for simplification. We propose to remove an impact-assessment-
based step of identification of the most relevant issues from the procedure. There are two
potential benefits from the simplification: a less expert knowledge-based procedure (easier
to be made by non-LCA experts e.g., suppliers sharing primary data) and time savings.

An example of company-specific data is presented for the annual production of a
dairy farm, modelled in situation 2, option 1, pursuant to the Data Needs Matrix [23].
The presented example is hypothetical and intended to illustrate data quality-related
considerations, not to assess the environmental performance of the farm. The dataset
includes 18 direct elementary flows (dEFs) and 16 activity data (AD). The activity data
refer to consumption of feed components (maize, barley, straw), water, electricity, heat and
waste management. Different geographical locations of supplier activity were assumed.
The quality of the entire dataset was assessed by using three approaches: pursuant to
the approach established by the European Commission in the EF pilot phase, in the EF
transition phase and with a suggested minor modification employed. The calculated
quality has been expressed as a Data Quality Rating (DQR) value and compared with the
minimum level allowed for a company-specific dataset [23].

Two main limitations of our case study need to be highlighted. Due to some restric-
tions in free-to-use, EF-compliant secondary datasets, all activity data were modelled with
datasets taken from the ecoinvent 3.6 database. These datasets are not EF compliant but this
does not interfere with the presentation or explanation of the concept of our proposal; how-
ever, it must clearly be stated that it is a kind of noncompliance. EF-compliant, secondary
datasets shall be applied in real PEF calculations. Additionally, as a consequence of using
non-EF compliant secondary datasets, a modified version of the EF impact assessment
method was used in the case study (adapted EF method 2.0). Some of the results are
included in the Supplementary Information, which is an inherent element of this paper.

2. Quality of Company-Specific Data(Set)—A Summary of Guidelines
2.1. Company-Specific Data—A Quality Assessment

In EF studies, a quality assessment procedure separately refers to the data itself and
the related datasets. Both are strictly related but not the same. A PEF practitioner assesses
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the quality of self-collected inventory data. Following the analysis of guidelines in [23],
it is possible to differentiate the following cases, in which (depending on the situation)
company-specific data shall be or may be collected:

• with reference to processes, activity data and direct elementary flows which, in PEFCR,
have been included in the list of mandatory company-specific data (this pertains to
products, for which PEFCR exists);

• with reference to processes that are run by the company performing PEF;
• with reference to processes, that are not run by the company performing PEF, but
• the company has access to primary data.

The situations are discussed in more detail in Table 1. As can be seen, it is of high
relevance whether the analysis is performed for a product belonging to a product category
covered by PEFC or not. PEFCR provides two basic pieces of information: a list of
mandatory company-specific data and a list of the most relevant issues (including the most
relevant processes and elementary flows). Both matters determine the data requirements.
Further criteria (common for products covered and not covered by PEFCR) are supervision
and operational control over the process and access to specific data. A detailed description
of the quality requirements for processes in the PEF study is included in the Data Needs
Matrix (DNM), indicated in Zampori’s and Pant’s report [23]. In this report, the DNM
variant may be found for products covered and not covered by PEFCR.

The PEFCR (e.g., Annex 6) classifies inventory information into three categories:
(1) mandatory company-specific, (2) expected to be company-run and (3) secondary. If a
PEF study is intended to be disclosed as compliant with the PEFCR, then company-specific
data shall be collected for all mandatory company-specific items. This list of mandatory
company-specific data included in a PEFCR (Annex 6) should be considered mandatory.

The ‘expected to be company run’ category is context-dependent and includes pro-
cesses that may or may not be under the direct control of the company performing PEF and
with or without access to primary data. As such, the minimum level of quality of ‘expected
to be company run’ data depends on the context of the study. PEFCRs also indicate some
processes for which using secondary information is allowed. Whenever a PEF practitioner
decides to gather company-specific data for a process not included in the list of mandatory
company-specific data, then the data quality assessment procedure presented below shall
also be used. It is the same procedure for all company-specific data, regardless of whether
they are collected for a mandatory company-specific process or for others.

The quality of company-specific data is expressed as a Data Quality Rating (DQR)
value and shall be assessed by using several criteria. The lower the DQR value, the better the
data quality. Four criteria have been included [23,25] for PEFCR: precision (P)—a measure
of the variability of the data values for each of the data expressed; time representativeness
(TiR)—age of data and the minimum length of time over which data should be collected;
technological representativeness (TeR)—characterises to what degree the used data is
depicting the technology of the system analysed; and geographical representativeness
(GR)—characterises to what degree the used data is depicting the geography of the system
analysed. The guidelines presented in Table 2 should be used for activity data (AD) and
elementary flows (EFs). The total DQR for each individual data point is calculated as
the weighted average of each criterion (DQR = P+TiR+TeR+GR

4
). DQR = 1 corresponds to

excellent quality and is achieved if a rating of 1 is obtained for all four criteria. DQR = 2.5 is
the lowest possible score for company-specific data and is to be achieved in case of having
the following scores for particular criteria: 3.0 for precision, 3.0 for time representativeness,
2.0 for technological representativeness, and 2.0 for geographical representativeness.

According to the PEF guidance documents, it is acceptable for the Technical Secretariat
to include time representativeness-adapted data in the PEFCR guidelines (TiR-EF and
TiR-AD) [23,25]. However, this is the only criterion that may differ in a given PEFCR; the
others must be as shown in Table 2 [23,25]. This table is used to assess company-specific
data quality for both PEFCR and non-PEFCR products.
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Table 1. Eight modelling situations with differentiated minimum needs for collecting company-specific data.

Is the Product under
Study Covered by Any

Existing PEFCR?

Is the Process on the
List of Mandatory

Company-Specific Data?

Is the Process Run by
the Company

Performing PEF?

Does the Company
Performing PEF Have

Access to
Primary Data?

Is the Process on the List
of the Most Relevant

Processes (Indicated in
the PEFCR)?

Instruction for PEF Practitioner on
Company-Specific Data Collection

Yes

Yes n.a. n.a. n.a.
For this process, company-specific data (related to
activity data and direct elementary flows) shall be
collected and assessed. No other option available.

No Yes Yes Yes
For this process, company-specific data (related to
activity data and direct elementary flows) shall be
collected and assessed. No other option available.

No Yes Yes No

For this process, as one of two options,
company-specific data (related to activity data and

direct elementary flows) may be collected and
assessed, Instead, using secondary data(set)

is possible.

No No Yes Yes/No

For this process, company-specific data (related to
activity data and direct elementary flows) should be

collected and assessed. Two variants of data
collection are available: (1) full primary inventory or

(2) using secondary data(set) with primary data
related only to electricity and transport.

No No No No Using secondary data(set) is recommended.

No

n.a. Yes Yes n.a.
For this process, company-specific data (related to
activity data and direct elementary flows) shall be
collected and assessed. No other option available.

n.a. No Yes n.a.

For this process, company-specific data (related to
activity data and direct elementary flows) should be

collected and assessed. Two variants of data
collection are available: (1) full primary inventory or

(2) using secondary data(set) with primary data
related only to electricity and transport.

n.a. No No n.a. Using secondary data(set) is recommended.

Source: Elaboration based on [23].
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Table 2. Data Quality Rating for company-specific information—according to Zampori and Pant [23].

Rating
Precision Time Representativeness Technological Representativeness Geographical Representativeness

PEF and PAD TiR-EF and TiR-AD TeR-EF and TeR-AD GR-EF and GR-AD

the best
quality 1

The activity data and elementary flows
are based on

measurements/calculations, and
externally verified

The activity data and elementary flows
apply for most recent annual

administration period (in relation to
the EF report publication date)

The elementary flows and the activity
data refer exactly to the technology of

the newly developed dataset

The activity data and elementary flows
reflect the exact geographical location
of the process is modelled in the newly

created dataset

2

The activity data and elementary flows
are based on

measurements/calculations, and
internally verified, plausibility checked

by a reviewer

The activity data and elementary flows
apply for the maximum two annual

administration periods (in relation to
the EF report publication date)

The elementary flows and the activity
data are a proxy of the technology of

the newly developed dataset

The activity data and elementary flows
partly reflect the geographical location
of the process is modelled in the newly

created dataset

3

The activity data and elementary flows
are based on

measurements/calculations/taken
from literature and plausibility not

checked by a reviewer OR Qualified
estimate based on calculations’

plausibility checked by a reviewer

The activity data and elementary flows
apply for the maximum three annual
administration periods (in relation to

the EF report publication date)

Not applicable Not applicable

the worst
quality 4–5 Not applicable Not applicable Not applicable Not applicable

Source: Elaboration based on [23].
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2.2. Company-Specific Datasets (CSD)—A Quality Assessment

A mandatory task for PEF practitioners is not only to gather company-specific data
and assess its quality, but to also use this data to create company-specific datasets and
assess the quality of the datasets. The criteria presented in Table 2 indicate that the worst
allowed quality rating for a single company-specific data item is DQR = 2.5. As such, the
following question is raised: ‘Is it possible to use all company-specific data with the worst
DQR = 2.5?’. The answer is ‘no, it is impossible’. The reason is that the PEF quality assess-
ment procedure includes minimum quality levels required for the entire company-specific
datasets. According to the procedure developed by the European Commission during
the EF transition phase [23], the minimum level of quality of an entire company-specific
dataset has to be equal to or lower than 1.5 (DQRCompany_specific_dataset_transition ≤ 1.5). For
comparison, pursuant to the methodology elaborated earlier in the pilot phase [25], the
threshold was 1.6 (DQRCompany_specific_dataset_pilot ≤ 1.6). In practice, this means that the
quality of company-specific data may be differentiated (ranged between DQR = 1 and
DQR = 2.5); however, ultimately, the total DQR for the whole dataset shall be DQR ≤ 1.5.

Following Zampori & Pant’s report [23], the procedure of the CSD quality assessment
established during the transition phase (for products with and without PEFCR) presents
as follows:

• Step 1. Calculate the environmental impact of the dataset (weighted results, toxic-
ity impact categories included and absolute values). Identify the most relevant AD
and dEFs: the most relevant activity data are the ones linked to sub-processes (i.e.,
secondary datasets) that account for at least 80% of the total environmental impact
of the company-specific dataset, listing them from the most contributing to the least
contributing. Most relevant direct elementary flows are defined as those direct ele-
mentary flows cumulatively contributing at least with 80% to the total impact of the
direct elementary flows [23].

• Step 2. Calculate the DQR criteria TeR, TiR, GeR and P for each most relevant activity
data and each most relevant direct elementary flow. The values of each criterion shall
be assigned based on the table on how to assess the value of the DQR criteria provided
in the PEFCR or in the PEF method (in our paper, presented in Table 2).

• Step 3. Calculate the environmental contribution of each most-relevant activity data
(through linking to the appropriate sub-process) and direct elementary flow in the total
score, to be calculated as a sum of the environmental impact of all most-relevant activity
data and direct elementary flows, in % (weighted, using all EF impact categories).

• Step 4. Calculate the TeR, TiR, GeR and P criteria of the newly developed dataset as
the weighted average of each criterion of the most relevant activity data and direct
elementary flows. The weight is the relative contribution (in %) of each most relevant
activity data and direct elementary flow calculated in step 3.

• Step 5. Calculate the total DQR of the newly created dataset:

DQR =
TiR + TeR + GeR + P

4
(1)

where TiR, TeR, GeR and P are the weighted averages, calculated as specified in step 4.

For comparison, an analogical procedure established during the pilot phase was as
follows [25]:

• Step 1. Calculate the environmental impact of the dataset (weighted results, toxicity im-
pact categories excluded and absolute values). Identify the most relevant AD and dEFs:
most relevant activity data are the ones linked to sub-processes (i.e., secondary datasets)
that account for at least 80% of the total environmental impact of the company-specific
dataset, listing them from the most contributing to the least contributing. Most rele-
vant direct elementary flows are defined as those direct elementary flows contributing,
cumulatively, at least 80% to the total impact of the direct elementary flows.
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• Step 2. Calculate the DQR criteria TeR, TiR, GR and P for each most relevant process
and each most relevant direct elementary flow. The values of each criterion shall be
assigned based on the requirements presented in Table 2. For each most relevant
elementary flow, evaluate the DQR for four criteria: TeR-EF, TiR-EF, GR-EF and PEF. The
quality of each most relevant process is a combination of the quality of activity data
and the quality of the secondary dataset used. TiR-AD and PAD shall be evaluated at
the level of the activity data and TeR-SD, TiR-SD and GR-SD shall be assessed at the level
of the secondary dataset used. As TiR is evaluated twice, the mathematical average of
TiR-AD and TiR-SD shall be calculated.

• Step 3. Calculate the environmental contribution of each most-relevant activity data
(through linking to the appropriate sub-process) and direct elementary flow to the
total sum of the environmental impact of all most-relevant activity data and direct
elementary flows, in % (weighted, without toxic impact categories).

• Step 4. Calculate the TeR, TiR, GR and P criteria of the newly developed dataset as
the weighted average of each criterion of the most relevant activity data and direct
elementary flows. The weight is the relative contribution (in %) of each most relevant
activity data and direct elementary flow calculated in step 3.

• Step 5. Calculate the total DQR of the newly created dataset:

DQR =
TiR + TeR + GeR + P

4
(2)

where TiR, TeR, GeR, and P are the weighted averages, calculated as specified in step 4.

The principal similarities between the two procedures are:

• the quality rating of individual AD and EFs in a dataset is performed with the use of
the same criteria (Table 2);

• the calculation of the final DQR indicator for a dataset is indispensably connected
with LCIA calculations and the obtained LCIA results;

• according to the procedure for the identification of the most relevant issues presented
in Zampori & Pant’s report (Section 6.3.5) [23] and PEFCR Guidance (Section 7.4.5) [25],
indicating the most relevant AD and EFs is carried out by the use of absolute results
for environmental indicators, neglecting negative values;

• the value of the final DQR indicator is ‘powered by’ the quality of inventory elements
with the highest environmental relevance (a materiality approach).

The principal differences between the two procedures are:

• updated guidelines [23] include instructions on how to make the quality assessment
both for products with existing PEFCR and without existing PEFCR. The PEFCR
Guidance [25] presents guidelines for PEF studies to be performed with PEFCR only;

• the minimum allowed DQR for company-specific datasets and mandatory company-
specific data is ≤1.5 in the updated guidelines [23] and ≤1.6 in the PEFCR Guidance [25];

• in the updated guidelines [23], only data quality (the most relevant AD and dEFs)
is taken into account during the calculation of total DQR for the entire company-
specific dataset. In PEFCR Guidance [25], the quality of the company-specific dataset
is calculated as a combination of the quality of data (the most relevant AD and dEFs)
and the quality of secondary datasets referred to the most relevant AD;

• in order to assess the quality of company-specific datasets, the identification of the
most relevant activity data and the most relevant elementary flows is to be performed
without toxic impact categories in the case of the pilot procedure, while the transition
procedure includes the toxic impact categories.

3. Proposal for Simplification of the Company-Specific Datasets Quality Rating

We propose the modification of the company-specific dataset quality assessment
procedure through the introduction of the three following steps:

• Step 1. Calculate the DQR criteria TeR, TiR, GeR and P for each activity data and direct
elementary flow included in the dataset. The values of each criterion shall be assigned
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based on the table on how to assess the value of the DQR criteria provided by the
PEFCR or by PEF method (see Table 2).

• Step 2. Calculate the TeR, TiR, GeR and P criteria of the newly developed dataset as the
arithmetic mean of each criterion of all activity data and all direct elementary flows.

• Step 3. Calculate the total DQR of the newly created dataset:

DQR =
TiR + TeR + GeR + P

4
(3)

where TiR, TeR, GeR and P are the averages, as calculated in step 2.

In step 1, it has been assumed that the same primary data rating criteria are used as in
the approaches discussed earlier (Table 2), but the quality rating of the entire dataset was
separated from LCIA calculations. This procedure calls for a quality rating of all inputs
and outputs in a set, without consideration of their environmental relevance. Thus, the
share of each inventory item in the final DQR for a dataset is equally relevant.

4. Three Approaches in Use—An Example of the Quality Assessment of a
Company-Specific Dataset for Raw Milk Production

Let us assume that the PEF study is executed for yoghurt by a producer, in the reference
year 2019, the PEF report publication date is in June 2020 and the study was commissioned
in 2019. The study concerns the supplier of raw milk, who agreed to deliver primary data.
The production of raw milk is not run by the dairy unit but the facility has access to primary
data shared by the farmstead. Yoghurt falls into the category of ‘fermented milk products’
and is covered by a valid PEFCR for dairy products [26]. Pursuant to this document, the
production of raw milk is the most relevant process. This means that, according to the Data
Needs Matrix, this process should be modelled in situation 2, option 1, and the minimum
allowable quality level for this dataset is DQR ≤ 1.5 (according to the pilot phase procedure,
it is ≤1.6). Annex 6 of the PEFCR for dairy products provides the data requirements and
includes a list of activity data and elementary flows to be collected for dairy farms. All
of the data has been classified as ‘Expected to be company-run (only for companies with
direct access to dairy farmers such as cooperatives)’ [26].

In our example, we assess the quality of data obtained from a single farmstead using
the criteria in Table 2 for P, TeR and GR. The raw milk suppliers’ sampling selection
(sampling) is not considered and the quality of the data obtained from a larger number
of farmsteads is not considered. It must be noted, however, that PEFCR [26] contains
guidelines for the assessment of primary data obtained from a sample of farmsteads. They
cover three criteria (TiR, TeR and GR). TeR and GR are closely interrelated with the size
and structure of a sample and, in terms of temporal representativeness, the criteria have
been defined in the manner presented in Table 3 [26].

As may be noted, the criteria for TiR in Table 2 refer to the EF report publication
date and, conversely in Table 3, to the year in which the EF study was commissioned.
Additionally, within the scope of TiR in Table 2, only the age of the data is considered,
without reference to the possible averaging over several-year periods. Criteria presented
in Table 3 seem to be softer, as the highest quality indicator is possible to be obtained for
data with a deviation of 5 years towards the time of commissioning the study. On the other
hand, the universal criteria for TiR contained in Table 2 represent the most recent annual
administration period with respect to the EF report publication date.

Agricultural production is subject to seasonal fluctuation; therefore, accounting for data
covering periods of several years is justified. Due to the fact that, following the PEF method
update [23], criteria pertaining to the quality assessment of company-specific data should be
based on the guidelines presented in Table 2 and ‘only the reference years criteria (TiR-EF, TiR-
AD) may be adapted by the Technical Secretariat.’ In our example for TiR, as a base scenario,
the guidelines in Table 3 were used, with the assumption that, in the case of modelling raw
milk production in PEF studies (consistently with the PEFCR and within the scope of temporal
representativeness (TiR)), they were prioritised over the guidelines in Table 2.
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Table 3. Time Representativeness—Data Quality Rating for company-specific information for raw
milk production according to the PEFCR for dairy products [26].

Rating
Time Representativeness

TiR-EF and TiR-AD

the best
quality 1 The average calculated based on the production data covering over 2+ years

period, not older than 5 years, in relation to the year the study was commissioned

2 The average calculated based on the production data covering over 2+ years
period, not older than 10 years, in relation to the year the study was commissioned

3 The average calculated based on the production data for a single year, in the
previous 5 years, in relation to the year the study was commissioned

4 The average calculated based on the production data for a single year, in the
previous 10 years, in relation to the year the study was commissioned

the worst
quality 5 Production data for an unknown period or a period lower than 1 year

Source: Elaboration based on [26].

We assume that the analysed supplier delivered 168,867 kg of FPCM milk. In the
Supplementary Information file in Supplementary Table S1, the supplier’s assumed charac-
teristics (for the purpose of our analysis) are presented. Supplementary Table S2 includes
an example of a company-specific dataset for averaged operation data for the farmstead
in 2018 and 2019. For the purpose of simplification and omission of allocation matters,
we assumed that the analysed farmstead performs only animal rearing (without growing
crops) and does not sell meat or manure.

In this example, we assume that all pieces of information pertaining to inputs, as well
as waste and sewage, were measured or collected from the farmstead’s documentation
and are averaged values from two operational years (2018 and 2019). Direct emissions in
the farmstead, stemming from intestinal fermentation in animals and the management of
manure, were calculated with breeding parameters, emission indicators and methodology
from the following reports: the IPCC Guidelines for National Greenhouse Gas Invento-
ries [27,28], EMEP/EEA emission inventory guidebook [29,30] and a report of the National
Centre for Emission Balancing and Management [31,32]. We assume that all data were
verified internally and checked by a reviewer. In Supplementary Table S2, we have sepa-
rately provided elementary flows, even if they cover emissions of the same substance to
the same environmental surroundings, as they pertain to various emission sources and
are calculated with the use of different indicators, which in practice may result in varying
data quality. As shown in Supplementary Table S2, 18 direct elementary flows (dEFs) and
16 activity data (AD) are included in the scope of our company-specific dataset. In real
PEF studies, the EF-compliant secondary datasets would be used to model the activity
data. In our case study, in place of secondary EF-compliant datasets, all activity data have
been modelled with datasets taken from the ecoinvent 3.6 database. This is a deviation, as
the used ecoinvent datasets do not meet the EF compliance requirements on modelling,
meta-data, nomenclature or data quality rating [33]. In order to identify the most relevant
activity data and direct elementary flows, life cycle impact assessment calculations have
been made by using an adapted EF 2.0 method v. 1.01.

The quality of the entire dataset was assessed by three approaches. The results of this
assessment are presented in Table 4. The assessment was made by one person with some
experience in data quality assessment in EF studies. Before the assessment, all of the inventory
data was input to a template prepared in an Excel file, where special fields for Data Quality
Rating (DQR) values for each AD and EF were created. The cells were provided with a
comment explaining the criteria and rating, which made the assessment faster and easier.

In our analysis, we assumed that all data from Supplementary Table S2 had been
collected from the farmstead’s documentation or based on calculations performed with
the use of the emission indicators, as well as being verified internally and checked by a
reviewer. For this reason, for the precision criterion P, we assigned all inventory items
with a value of DQR = 2. Except for waste and sewage management, all data correspond
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to the technology employed in the farmstead; thus, the DQR for parameter TeR is 1. For
waste, we reduced it to 2, as the segregation into waste designated for incineration and
disposal was performed with the indices for Poland, from Annex C [34], which are non-
specific for concrete technology, but they represent an average scenario for country. In the
scope of TiR, all input flows obtained the best indicator of 1, because it was assumed that
they come from documentation and measurements from 2018/2019, and the report was
assumed to be published in June 2020. Therefore, these data refer to the most recent annual
administration period with respect to the EF report publication date. The direct emissions
are calculated based on the farmstead parameters (e.g., milk productivity of cows, body
weight of milk cattle, time spent in livestock premises, proportion of silage in the feed,
manure management system, etc.), which, in this analysis, corresponded to the technology
used in the farmstead in 2018/2019. Both aspects (time of publication of a report with
emission indicators, as well as the age of data pertaining to the farmstead’s operational
parameters) were considered during the evaluation of TiR for dEFs pertaining to emissions
in a farmstead. We have used criteria from Table 3 in the base scenario for the purpose of
quality assessment within the scope of TiR, which provide for a several-year tolerance with
respect to the year of commissioning the study. Therefore, in the base approach, all data
pertaining to emissions to air were assessed as having been TiR = 1.

For emissions calculated based on IPCC 2019 emission indicators, the indicators of GeR
have been reduced to 2. According to the methodology used, the emission indicators and
parameters are indicated for regions of the world (e.g., Western Europe, Eastern Europe,
North America), and not for individual countries. For the purpose of our analysis, we have
assumed ‘Eastern Europe’ for Poland, which may constitute a certain underestimation and
reduced quality with regard to GeR.

In the base scenario, the final quality indicator for the entire dataset, calculated
with the modified approach, amounted to DQRCDS = 1.38. The rating took 17 min to
perform. For an approach elaborated in the transition period, the result for the indicator
amounted to DQRCSD = 1.28 and the rating took 72 min. The greatest portion of time was
consumed for the analysis performed pursuant to the approach elaborated in the pilot
period. Additionally, the quality of the secondary datasets used to model the most relevant
AD had to be rated (according to the guidelines presented in the PEFCR for dairy products,
in Section 5.5 and Table 30). In this case, the value of DQRCDS = 1.79 was obtained and
the rating was performed in 91 min. The necessity of linking quality indicators with LCA
results clearly influenced the extension of the time needed for the execution of the rating.
Additionally, a contribution analysis for the absolute values had to be performed manually
in an Excel sheet. The DQRCDS of 1.79 is too high and does not satisfy the minimum quality
requirements. This results from a weak geographical representativeness of the secondary
dataset (RoW) used to model the most relevant process: maize grain production in Poland
(PL). Additionally, a temporal validity of the used secondary datasets expired at the end of
2019, i.e., one year before the time assumed for publication of the PEF report.

Higher DQRCDS values were obtained in cases where quality assessment for TiR
criterion was performed, with the guidelines provided in Table 2. The results for both
approaches are presented in Table 5. The differences stem from the smaller temporal
tolerance allowed by the guidelines presented in Table 2. It is particularly evident in
the case of the proposed approach (DQRCSD = 1.38 vs. DQRCSD = 1.47), in which the
quality of all data is taken into account. Quality indicators of TiR for direct emissions were
differentiated, depending on the source reports’ publication dates (IPCC, EMEP/EAA,
National Centre for Emission Balancing and Management), from which the methodology
and emission indicators had been collected. In the approaches of the pilot and transition
phases, this was of less importance, because only three emissions to air had been considered
to be the most relevant issues (as well as relatively low weights). On the other hand, in the
proposed approach, as many as 15 emissions were taken into account for the purpose of
the quality assessment.
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Table 4. An assessment of the quality of data and a company-specific dataset (CSD) for raw milk production made using three approaches (TiR assessed according to the guidelines
presented in Table 3).

Fl
ow

N
am

e

Fl
ow

Lo
ca

ti
on

Fl
ow

Ty
pe

Approach Established in the EF Pilot Phase Approach Established in the EF Transition Phase Possible Simplification

Data Quality Calculated as a Weighted DQR Based on
the Quality of the Most Relevant AD/EFs and the
Quality of Secondary Datasets Used to Model the

Most Relevant AD

Data Quality Calculated as a Weighted DQR Based
on the Quality of the Most Relevant AD/EFs

Data Quality Calculated as the Average Quality of
All AD and EFs Included in the Dataset (Aritmetic

Mean)

T
he

M
os

tR
el

ev
an

t?
(B

as
ed

on
LC

IA
C

al
cu

la
ti

on
s,

EF
M

et
ho

d
2.

0
(A

do
pt

ed
),

W
it

ho
ut

To
xi

c
IC

s) Fl
ow

W
ei

gh
t

P E
F

an
d

P A
D

Ti
R

-E
F

an
d

Ti
R

-A
D

/T
i R

-S
D

Te
R

-E
F

an
d

Te
R

-S
D

G
R

-E
F

an
d

G
R

-S
D

D
Q

R
pe

r
Fl

ow
(B

ef
or

e
W

ei
gh

in
g)

T
he

M
os

tR
el

ev
an

t?
(B

as
ed

on
LC

IA
C

al
cu

la
ti

on
s

EF
M

et
ho

d
2.

0
(A

do
pt

ed
),

w
it

h
To

xi
c

IC
s)

Fl
ow

W
ei

gh
tW

P E
F

an
d

P A
D

Ti
R

-E
F

an
d

Ti
R

-A
D

Te
R

-E
F

an
d

Te
R

-A
D

G
R

-E
F

an
d

G
R

-A
D

D
Q

R
pe

r
Fl

ow
(B

ef
or

e
W

ei
gh

in
g)

T
he

M
os

tR
el

ev
an

t?
(B

as
ed

on
LC

IA
C

al
cu

la
ti

on
s)

Fl
ow

W
ei

gh
t

P E
F

an
d

P A
D

Ti
R

-E
F

an
d

Ti
R

-A
D

Te
R

-E
F

an
d

Te
R

-A
D

G
R

-E
F

an
d

G
R

-A
D

D
Q

R
pe

r
Fl

ow

Land occupation,
agricultural PL dEF No No n.a. n.a. 2 1 1 1 1.25

Land transformation from
meadow PL dEF No No n.a. n.a. 2 1 1 1 1.25

Land transformation to
agricultural PL dEF no No n.a. n.a. 2 1 1 1 1.25

Maize grain PL AD yes 0.45 2 1.5 2 3 2.125 Yes 0.48 2 1 1 1 1.25 n.a. n.a. 2 1 1 1 1.25
Maize grain CH AD yes 0.11 2 1.5 2 1 1.625 Yes 0.15 2 1 1 1 1.25 n.a. n.a 2 1 1 1 1.25

Straw PL AD yes 0.09 2 1.5 2 2 1.875 Yes 0.10 2 1 1 1 1.25 n.a. n.a. 2 1 1 1 1.25
Maize silage PL AD no No n.a. n.a. 2 1 1 1 1.25
Maize silage BR AD no No n.a. n.a. 2 1 1 1 1.25
Barley grain DE AD no No n.a. n.a. 2 1 1 1 1.25

Additives PL AD no No n.a. n.a. 2 1 1 1 1.25
Tap water PL AD no No n.a. n.a. 2 1 1 1 1.25
Electricity PL AD no No n.a. n.a. 2 1 1 1 1.25

Heat, from natural gas PL AD no No n.a. n.a. 2 1 1 1 1.25
Diesel PL AD no No n.a. n.a. 2 1 1 1 1.25

HDPE film PL AD no No n.a. n.a. 2 1 1 1 1.25
Transport PL AD no No n.a. n.a. 2 1 1 1 1.25

Biogenic methane
(air)—enteric fermentation PL dEF yes 0.12 2 1 1 2 1.5 Yes 0.10 2 1 1 2 1.5 n.a. n.a. 2 1 1 2 1.5
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Table 4. Cont.
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Biogenic methane
(air)—manure
management

PL dEF yes 0.03 2 1 1 2 1.5 Yes 0.03 2 1 1 2 1.5 n.a. n.a. 2 1 1 2 1.5

Dinitrogen monoxide (air) PL dEF no No n.a. n.a. 2 1 1 2 1.5
Dinitrogen monoxide (air) PL dEF no No n.a. n.a. 2 1 1 2 1.5
Dinitrogen monoxide (air) PL dEF no No n.a. n.a. 2 1 1 2 1.5
Dinitrogen monoxide (air) PL dEF no No n.a. n.a. 2 1 1 2 1.5
Dinitrogen monoxide (air) PL dEF no No n.a. n.a. 2 1 1 2 1.5

Nitrates (water) PL dEF no No n.a. n.a. 2 1 1 2 1.5
Ammonia (air) PL dEF yes 0.18 2 1 1 1 1.25 Yes 0.14 2 1 1 1 1.25 n.a. n.a. 2 1 1 1 1.25

Nitrogen oxides (air) PL dEF no No n.a. n.a. 2 1 1 1 1.25
Carbon dioxide, fossil (air) PL dEF no No n.a. n.a. 2 1 1 1 1.25

PM 2.5 (air) PL dEF no No n.a. n.a. 2 1 1 2 1.5
NMVOC (air) PL dEF no No n.a. n.a. 2 1 1 2 1.5
NMVOC (air) PL dEF no No n.a. n.a. 2 1 1 2 1.5
NMVOC (air) PL dEF no No n.a. n.a. 2 1 1 2 1.5

HDPE waste, incineration PL AD no No n.a. n.a. 2 1 2 1 1.5
HDPE waste, landfilling PL AD no No n.a. n.a. 2 1 2 1 1.5

Wastewater treatment PL AD no No n.a. n.a. 2 1 2 1 1.5
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Table 5. DQR of the company-specific dataset for raw milk production—TiR calculated using criteria presented in Tables 2 and 3.

Approach Established in the EF Pilot Phase Approach Established in the EF Transition Phase Possible Simplification

Company-Specific
Dataset (CSD)

Quality
PCSD TiR-CSD TeR-CSD GR-CSD DQRCSD

Company-Specific
Dataset (CSD)

Quality
PCSD TiR-CSD TeR-CSD GR-CSD DQRCSD

Company-Specific
Dataset (CSD)

Quaity
PCSD TiR-CSD TeR-CSD GR-CSD DQRCSD

TiR assessed based
on criteria presented

in the Table 3
2.0 1.3 1.7 2.2 1.79

TiR assessed based
on criteria

presented in Table 3
2.0 1.0 1.0 1.1 1.28

TiR assessed based
on criteria

presented in Table 3
2.0 1.0 1.1 1.4 1.38

TiR assessed based
on criteria presented

in the Table 2
2.0 1.5 1.7 2.2 1.85

TiR assessed based
on criteria

presented in Table 2
2.0 1.1 1.7 1.6 1.32

TiR assessed based
on criteria

presented in Table 2
2.0 1.41 1.1 1.4 1.47

Source: Own elaboration.
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5. Discussion

The linking of the data quality assessment with the environmental relevance of the
activity data and direct elementary flows features a substantive justification. The limitation
of this assessment to the most relevant AD and dEFs is the representation of the materiality
principle, this being the basis for the concept of environmental footprints. One advantage
is the fact that a relatively small number of AD and dEFs influence the quality of a dataset,
and thus the efforts of the body collecting the data may be focused on collecting the highest
quality data, not only pertaining to a few of the inventory items. However, the procedure
for acquiring information, which is the most relevant out of all inventory data, is time-
consuming and potentially very difficult for people having no experience in LCA/EF
analyses. What is more, the procedure is executed when, one way or another, the majority
of inventory data should be collected. In practice, producers may cooperate with dozens or
even hundreds of suppliers. If even only a portion of them decide to deliver a complete
set of primary data pertaining to their operation, then the quality rating of these data
and datasets, based on the necessity to perform LCIA calculations, would complicate and
extend the entire analysis considerably. In addition, it would complicate the execution of
the verification and the possibilities to reconstruct and verify the results.

Thus, it seems that, from a purely practical point of view, this conditioning of data
and dataset quality rating with the impact assessment features some considerable weak-
nesses. Potentially, it extends the analysis time and requires a performer to possess expert
knowledge and skills to handle, e.g., LCA software. The solution we propose is, in fact,
very simple, and what is more, following a short training period and preparation of model
sheets (templates), the suppliers of primary data would be capable of evaluating and
managing the quality of the delivered data on their own. Maybe, from a substantial point
of view, the proposed simplification trivialises the quality rating, but from a practical point
of view, it accelerates the rating and simplifies it at the level of performing calculations.

The fact that all AD and dEFs influence the DQR indicator of the entire dataset to
the same degree poses a certain threat. With a higher number of data included in the
assessment, the risk of greater differentiation in their quality arises. Consequently, it
may be more challenging to obtain the required level of dataset quality ≤ 1.5. In such a
case, the worse quality of a certain group of data would have to be compensated with
a very high quality of the remaining data. The question arises ‘how does it impact on
the environmental score of the process modelled by the dataset’? Theoretically, it would
be important in situations where the poorer quality data would pertain to elements of
potentially high environmental relevance. However, the way that the rules for primary data
quality rating criteria (Tables 2 and 3) have been defined offer a safeguard [23,26]. These
rules do not allow individual data items to exceed certain quality levels (e.g., DQR ≤ 3 for
the precision, DQR ≤ 2 for the technological representativeness). These levels are restrictive
and shall be applied for all data included in the dataset. This means that a differentiation
in data quality is possible but only to a limited extent. In this way, the impact on the final
environmental score of the dataset is also limited.

Another aspect worth stressing is the question of using emission indicators. From
the point of view of data quality, the best-case scenario is when emission data come from
direct measurements, although, in practice, this is not always possible (e.g., due to a lack of
access to measurement equipment or the specific character of an emission source, such as
intestinal fermentation in cattle). In the case of using emission indicators, the emission rate
is partially defined on the basis of primary information, coming from the location and time
of the process execution (e.g., consumption and specific character of a fuel; a machine’s year
of manufacture; characteristics of animals; the specific character of feed and environmental
conditions of animal breeding). The emission rate is also partially based on the patterns
and parameters sourced from secondary sources, which may be subject to modification
and subsequent updates of source documents. Thus, the question arises: if or how to
make consideration for the geographical, temporal and technological representativeness
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of emission indicators sourced from source documents? In our example, we assumed
that the year of report publication, as well as the geographical and technological scope
of emission indicators contained in the reports, should be considered for the purpose of
defining dEFs quality, pertaining to emissions in a farmstead. We have used indicators
from the most up-to-date version of the 2019 IPCC reports purposefully to obtain better
DQR for the temporal representativeness criterion. If we had used indicators from the 2006
IPCC reports, the temporal offset between the EF report publication date and the age of
data on emissions would be too large.

Data and datasets are critical areas, also from the viewpoint of PEF study verification.
According to Zampori and Pant [23], the verification and validation of the PEF studies are
mandatory whenever the results are used for any type of external communication. The
verifier must take into consideration various aspects connected with the data, for example:
coverage, precision, completeness, representativeness, consistency, reproducibility, sources
and uncertainty, as well as plausibility, quality and accuracy of the LCA-based data [23].
The proposed procedure seems to be easier for reproduction by a verifier and the correctness
of the data quality rating may be verified based on a well-documented report. In the case
of a simultaneously performed (parallel) verification, a verifier might (on an ongoing basis
and without the need to perform LCIA calculations) control the indicators of primary data
quality, collected by the study commissioner or their suppliers.

As a supplement to the discussion, we have performed a SWOT analysis for the
proposed simplification, the results of which are presented in Table 6.

Table 6. Strengths, weaknesses, opportunities and threats of the suggested simplification.

Strengths Weaknesses

� Criteria for activity data and elementary
flows quality rating remain unchanged,
pursuant to EF method update [23].

� The company-specific dataset quality
rating is very simple and fast.

� Performance of the rating does not
require any skills in impact assessment; a
little training in rating criteria seems to
be sufficient.

� The possibility of independent execution
of data quality rating by a data supplier.

� The reproductivity of data quality rating
results increases. Meticulous
documentation and justification for
rating results in a report would greatly
facilitate verification.

� The proposed procedure does not
employ the materiality principle, as the
dataset quality is not determined with
the environmental relevance of
individual flows.

Opportunities Threats

� Shortening of dataset quality rating
performance.

� Data suppliers could control the data
quality and manage the process of their
collection on their own.

� The possibility of preparing model sheets
for collecting data (templates),
supporting data quality rating.

� With a large number of inventory
elements, it may be more difficult to
obtain the required level of dataset
quality.

� The threat of worse quality data
pertaining to AD or EFs, with a
potentially high environmental relevance;
it would be compensated for by high
quality elements with less environmental
relevance.

Source: Own elaboration.
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6. Conclusions

Data quality assessment has been part of life cycle techniques since their very origins.
The first works on quality assessment were published in the early 1990s. In many places,
the European Commission’s methodology for assessing the quality of data and datasets
refers to approaches and experiences already developed in the past. Its core lies in a
semi-quantitative matrix, conceptually equivalent to the Pedigree Matrix introduced into
life cycle techniques by Weidema and Wesnaes [12]. In the framework of the environmental
footprints methodology, such matrices were developed to assess the quality of company-
specific data (Tables 2 and 3). The Data Needs Matrix, which determines minimum
acceptable quality levels for processes, depending on the supervision (control) over the
process and access to primary data, constitutes an innovative solution designed by the
European Commission, especially for environmental footprints. Each of the PEF studies
can be performed at a different time and place, and hence they may differ with respect
to initial data needs. Therefore, references for assessing the quality of specific data will
differ due to varied temporal, technological and geographical coverage of the product
system. The guidelines developed by the European Commission seem to be very effective
at managing flexibility (taking into account varying degrees of process control and access
to specific data); however, they seem to fail in terms of operationality (being cookbook-like).
The procedure for identifying significant AD and dEFs in company-specific datasets may be
recognised as being complex and time-consuming. The main reason for this is the linking
of data and dataset quality rating with impact assessment. Owing to this, however, the
materiality approach rule is executed but the procedure of acquiring information, which
is the most relevant out of all inventory data, is potentially difficult for people having no
experience in LCA/EF analyses. The simplification we propose consists of discarding the
use of influence quality ratings in data quality rating, and in adopting the assumption that
all AD and dEFs contained in the company-specific dataset are rated. With our example, the
procedure has been visibly simplified and it even allows non-LCA experts (e.g., suppliers)
to assess and control data quality. The analysis time has been shortened by several times.
This is important, especially if many different processes included in the product system
are to be modelled with primary data and company specific datasets. The simplification is
universal and may be applied for all processes modelled by company-specific datasets. It
must be stressed, however, that this is a single-case example, and the proposed approach
would require further practical verification. It seems, however, that the proposed solution
could contribute to a wider propagation of environmental footprint determination by
enterprises, which (and this is a widely known fact) report that these analyses are very
complex and require the engagement of specialists with rare competencies.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/10
.3390/en14165004/s1, Table S1. Assumptions pertaining to the milk-producing farmstead operation
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Nomenclature
The most important acronyms used in the paper:

AD Activity data
CSD Company-specific datasets
DNM Data Needs Matrix
DQR Data Quality Rating
dEFs Direct elementary flows
EFs Elementary flows
EF Environmental Footprint
LCA Environmental Life Cycle Assessment
LCA Life Cycle Impact Assessment
PEF Product Environmental Footprint
OEF Organisation Environmental Footprint
PEFCRs Product Environmental Footprint Category Rules
OEFSRs Organisation Environmental Footprint Sector Rules
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