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ARTICLE INFO ABSTRACT

Keywords: Environmental footprinting, underpinned by systematic life-cycle thinking, is increasingly seen as a critical
Environmental policy concept for designing policies to fight climate change. The holistic nature of a life-cycle approach, built using
Data quality the principles of Life Cycle Assessment (LCA), enables policy makers to understand the potential impacts and

Environmental modelling
Life Cycle Assessment
Life cycle sustainability assessment

benefits of policy options. Although LCA is a widely used and well-established method, methodological aspects
such as the quality of background data, model uncertainty, and comparison against existing literature are not
usually communicated effectively to wider audiences, in particular policy makers. This paper introduces a
novel hybrid data quality assessment method in the context of a case study based on the Scottish Waste
Environmental Footprint Tool, a newly developed environmental life-cycle thinking tool. It offers an accessible
method to present results of the data quality assessment of environmental models to policy makers and helps

identify areas of improvements in future upgrades.

1. Introduction

Climate change is universally recognised as a global issue with
increasing impacts expected due to rapid population growth and urban-
isation (United Nations, 2018; Sarkodie et al., 2020). The global climate
crisis has prompted governments to develop strategic carbon reduction
policies to tackle the devastating consequences of climate change.
To monitor the effectiveness of new policies, several environmental
modelling tools have been created by governmental and international
organisations such as Scotland’s Carbon Metric (Zero Waste Scotland,
2020) and US EPA’s Waste Reduction Model (US Environmental Pro-
tection Agency, 2019). Built using the principles of life-cycle thinking,
these data-intensive tools are designed to provide policy makers, who
do not necessarily have technical competence in Life Cycle Assessment
(LCA), with insights to evaluate and design environmental policies.

A review of several environmental modelling tools built by non-
academic organisations reveals the majority of developers behind these
tools do not publish a comprehensive and easy-to-understand data qual-
ity assessment (Bicalho et al., 2017; Henriksen et al., 2020). However, it
is important to inform prospective users of these tools about the quality
of background data and consistency with other similar tools. There are
a number of methods available to assess the quality of these data and
assumptions (Henriksen et al., 2020; Woodall et al., 2013), though they
are often targeted at stakeholders with technical LCA knowledge and
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expertise (Batini et al., 2009; May and Brennan, 2003). Therefore, there
is a need to develop a method to effectively communicate the quality
of data used in environmental tools to wider audiences, in particular
policy makers.

In addition to supporting policy makers in understanding uncer-
tainty associated with these tools, data quality assessment helps devel-
opers to identify priority components of the model that need further
development. The developers of environmental modelling tools tend
to design and deploy policy tools as efficiently as possible by first
developing a Minimal Viable Product, a version with just enough
features to meet essential requirements and provide feedback for future
product development (Ang et al., 2020). Establishing robust under-
standing of the quality of data will enable developers to design a
model-upgrade strategy that targets priority areas, while considering
available resources and time constraints.

This introductory overview paper presents a hybrid approach to
data quality assessment designed to: (1) provide an overview of the
quality of data used in the development of assessment tools, and (2)
identify areas for improvement in their future upgrades. The approach
integrates a widely-used, semi-quantitative approach that uses a pedi-
gree matrix, into a qualitative analysis, and presents the results in an
easy to use and understand ranking system that can be communicated
to a broad audience. To demonstrate the benefits of this hybrid Data
Quality Assessment Method (DQAM), a case study based on the Scottish
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Waste Environmental Footprint Tool (SWEFT) is presented. SWEFT is
based on life-cycle thinking principles and was built to quantify the
environmental impacts of waste generated and managed in Scotland.
The overarching purpose of SWEFT is to provide policy makers and
industry actors with insights into the actual environmental impacts of
waste.

2. Method
2.1. Data quality assessment method

The proposed assessment method scores data through two stages:
(i) data robustness and evidence, and (ii) the level of confidence
and consistency with existing literature. This two-stage evaluation is
important as it allows the accuracy and reliability of the data to be
quantified alongside a qualification of the level of confidence in a given
dataset. For example, if data receives a high score in Stage (i) but a low
score in Stage (ii), the validity of existing literature can be questioned.
The following sections describe these two stages in general terms and
how results are presented. Section 3 present a case study where the
data quality assessment method is applied to SWEFT data.

2.1.1. Stage (i): data robustness and evidence

To assess the robustness of the underlying data, an ISO 14040
complaint data quality rating method was employed. This approach is
a semi-quantitative assessment of the quality criteria of datasets based
on a pedigree matrix of five independent characteristics; reliability,
completeness, technological representativeness, geographical represen-
tativeness, and time-related representativeness (Weidema et al., 2013).
This methodology has been used widely in academic literature and
industry publications (European Union, 2016; Passarini et al., 2014;
Turner, 2016; Laurent et al., 2014). Moreover, it has been recom-
mended by the European Commission to assess the quality of data in the
Product Environmental Footprint and the Organisation Environmental
Footprint (Zampori and Pant, 2019a,b).

From the five independent characteristics mentioned above, reliabil-
ity and completeness indicate the way data is derived and the related
level of uncertainty, while the representativeness (i.e. technological,
geographical and time-related) characterises the degree to which the
processes and products selected are depicting the analysed system.
The overall Data Quality Score (DQS) for Stage (i) is calculated using
Equation (United Nations, 2018):

_ R+C+TeR+GeR+TiR

DQSstage(i) - 5 (l)

Where R is reliability, C is completeness, TeR is technological rep-
resentativeness, GeR is geographical representativeness, and TiR is
time-related representativeness. The Pedigree matrix used in assessing
each characteristic is provided in the Supplementary Material.

2.1.2. Stage (ii): confidence and consistency

The second stage of the DQAM aims to check the consistency of
the model factors with existing literature and whether the new factors
align with current understanding. This additional assessment stage aims
to evaluate the ‘level of confidence’ in a given dataset, for example as
used by WRAP (2019) to assess their modelling work to quantify glass
packaging.

This analysis works as follows: the modeller is expected to use
the responses and associated scores listed in Table 1 to answer the
questions below. The overall DQS for the confidence and consistency
stage can then be calculated based on the average overall score, as
shown in Eq. (2). To be consistent with the scoring scale in Stage (i) and
avoid confusion, 5 points are split between available responses, thus,
the DQS of Stage (ii) will range from 1 (the highest level of confidence)
to 5 (the lowest level of confidence).

Question 1: Do one or more data sources confirm the findings
(within +/- 10%)?
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Table 1

Rating scores for the confidence and consistency questions.
Response Score
Yes 1 (highest quality)
Yes, with some reservations 2.5
More yes than no, but equivocal 4
No 5 (lowest quality)

Question 2: Do the key stakeholders/experts actively agree with the

findings?
Question 3: Has feedback from the key stakeholders/experts been
incorporated?
0,+0,+0
DQSxtagc(ii) = % (2)

The weighting score shown in Table 1 is applicable to SWEFT, but
can be modified if necessary, based on the scope and objective of the
model in question. The method used to interpret these results alongside
Stage (i) results is explained in the following section and demonstrated
using SWEFT as a case study in Section 3.

2.2. DQAM results presentation and interpretation

Using the hybrid approach, the two stages presented above are
combined to provide a simple visual presentation of the results which
enables easy interpretation. The scoring scale for the DQS has three
quality levels that can be achieved for both Stage (i) and (ii): Excellent
= DQS < 2; Good = 2 < DQS < 4; and Poor = 4 < DQS < 5. The
tabulated results are colour coded using a RAG (red-amber—green)
system, where red represents the poorest data quality and green the
best. This DQS is also graphically presented, as shown in Fig. 1, and
provides a more detailed interpretation of the results. The horizontal
axis refers to DQSs derived from the data robustness and evidence
(Stage i), while the vertical axis shows the DQSs associated with the
level of confidence and consistency (Stage ii). The results in this graph
follow the same RAG system. An objective of this DQAM is to identify
areas of improvement so any data that fall in the 4th quarter of Fig. 1
should be targeted first, with the goal of shifting to a higher quality
score, ideally the 1st quarter, as indicated by the grey arrows.

3. Results and discussion: SWEFT case study

SWEFT reviews the whole life-cycle environmental impacts of waste
generated in Scotland (Eurostat, 2010), from resource extraction and
manufacturing emissions (i.e. embodied impacts), right through to
waste management emissions, regardless of where in the world these
impacts occur. The life-cycle stages of SWEFT are broken down into
‘generated’ (i.e. embodied impacts) and the different waste manage-
ment activities: ‘recycled’, ‘incinerated’, ‘landfilled’ and ‘other diver-
sion’ (SEPA, 2020). Within each of these stages there are underlying
data about the composition of each waste category and the life-cycle
inventory data that are assigned to each material and activity. The data
used in SWEFT comes from robust, internationally renowned datasets
and assumptions based on the best available data; the data quality
assessment results are not intended for use outside this specific analysis.
Assessing this data is essential to make any claim about the validity of
SWEFT’s results. Based on the DQAM described above, Table 2 provides
the DQSs for Stage (I) and (ii) of the SWEFT case study for household
waste categories.

The benefit of this assessment is to provide LCA practitioners with
insights into areas for improvements in future updates to improve the
DQS, and to provide policy makers with an overview of the quality of
environmental modelling tools. The results of the DQAM for SWEFT
show excellent or good data quality for all waste categories in terms
of confidence and consistency with current understanding and existing
literature, i.e. Stage (ii). In terms of data robustness and evidence,
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Fig. 1. Data quality assessment visualisation method with the DQS for Stage (i) and (ii) shown along the bottom and left-hand side of the figure, respectively.

i.e. Stage (i), there are areas in need of immediate improvement, and a
significant number of waste categories only achieve a ‘good’ DQS. These
results highlight the need for this two-pronged approach; although the
DQS is high for Stage (ii), the low scores in Stage (i) suggest that the
data reported in existing literature is not necessarily robust. Looking
deeper into each of the two stages will help to understand where these
low scores are coming from.

A more detailed view of these DQSs is provided through the graph-
ical presentation, which can be produced for each of the household
waste categories. Using the animal and mixed food wastes (household)
category as an example in Fig. 2, the graph can be interpreted as
follows: ‘R’, ‘I’ and ‘L’ are located in the green zone which indicates
that the overall quality of data used in modelling these stages is robust
and consistent with published work: results of the first stage of the
data quality assessment show that data used to model the ‘Recycling’,
‘Incineration’ and ‘Landfilled’ activities are robust across all five indi-
cators listed in the pedigree matrix (see Table SM1 in Supplementary
Material). Modelled stages achieve a moderate to high score for the
level of confidence - the second stage of the data quality assessment
— which means that the new calculated emissions factors align well
with existing literature and the existing factors in Zero Waste Scotland’s
Carbon Metric (Zero Waste Scotland, 2020). Contrastingly, the graph
shows that ‘O’ is in the red zone meaning that ‘Other Diversion’ is
modelled using datasets that have poorer data robustness. The vertical
axis also shows that the new factor for other methods of managing
food waste does not align well with current understanding and existing
literature (for example, the difference between the new and old factors
is more than 10%). As discussed above, this would not necessarily be
a negative result as it could suggest current understanding needs to be
improved. However, in combination with the low robustness score, this
factor has a poor overall DQS and should be developed. The ‘Generated’
factor is located in the amber zone (3rd quarter); the new factor for ‘G’
suggests poor data robustness but high confidence and consistency.

4. Conclusion

This introductory overview paper introduces a pragmatic approach
that can be used to present results of the data quality assessment
of environmental models to policy makers and help identify areas
of improvements in future upgrades. Additionally, it can be used to
increase transparency by sharing the results of the assessment method.
This will enable benchmarking exercises to take place as well as reduce
costs and resources spent by focusing on high-priority areas in need
of development. This paper helps to highlight the practical challenges

Waste category: Animal and mixed food waste
Waste source: Household Waste
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Fig. 2. Data quality assessment results for the Animal and mixed food waste category
(Household Waste). G = generated, R = Recycling, I = Incineration, L = Landfilled,
and O = Other Diversion.

faced by industry professionals so that academic expertise can help to
address them.

As highlighted throughout this paper, the two-pronged approach
aims to reduce uncertainty both quantitatively and qualitatively. How-
ever, there are limitations; a high DQS might mask a very low score for
one of the Stage (i) indicators or Stage (ii) questions, e.g. the data may
come from an out-dated source or the data cannot be well corroborated.
Thus future updates to this DQAM might require a weighting system
as opposed to averaging the scores. Additionally, there is a risk that
policy makers might be overly reassured by a high overall DQS and
assume that no further improvements are necessary. However, model
development is an iterative and evolving process, as is the quality
assessment of the underlying data.

To précis, the main objective of writing this introductory overview
paper is to introduce a two-tier data assessment approach and invite
experts in both academia and industry to work together to refine
this method and explore ways to address gaps while maintaining its
accessibility to lay audiences, in particular policy makers.
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Z);\i/:ll':llzdata quality scores of household waste by category (Stage i and ii), following the RAG system.
Waste type Stage (i) Stage (ii)
Acid, alkaline or saline 3.7 3.0
Animal and mixed food 3.4 3.0
Batteries and accumulators 3.6 3.0
Chemical 3.4 2.0
Combustion 3.6 1.0
Discarded electronic equipment 3.4 4.0
Discarded vehicles 2.8 2.0
Glass 2.6 3.0
Health care and biological 4.7 4.0
Household and similar 3.8 3.0
Metallic (ferrous) 2.9 3.0
Metallic (mixed) 3.3 4.0
Metallic (non-ferrous) 2.9 3.0
Mineral waste from construction and demolition 3.2 4.0
Mixed materials 4.3 4.0
Paper and cardboard 2.9 2.0
Plastic 2.9 2.0
Rubber 3.3 2.0
Soils 2.9 2.0
Sorting residues 4.0 3.0
Spent solvents 3.7 3.0
Textile 3.0 2.0
Used oils 4.0 4.0
Vegetal 2.6 1.0
Wood 2.7 2.0
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