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Abstract This article presents Amalur EIS (https:// 
www. amalur- eis. eus/), an Environmental Information 
System that estimates environmental impacts using 
data sourced from the European Pollutant Release 
and Transfer Register database (E-PRTR). The sys-
tem uses data on the releases into land, air and water 
of 31,556 European industrial facilities for the period 
2007–2021. Amalur EIS calculates environmen-
tal impacts of industrial releases using 31 life cycle 
impact assessment methods (LCIA) and covering 78 
of the 91 pollutants regulated by the PRTR Protocol. 
The system has been constructed using a two-layer 

software infrastructure: (i) a data layer supported by 
a relational database built in Postgres and (ii) a pres-
entation layer built in Tableau, so it provides user-
friendly access to the information. For an illustrative 
analysis of the tool, the EF 3.0 LCIA method rec-
ommended by the European Commission was used, 
including normalisation and weighting steps for a 
better comparison. The analysis concludes that the 
climate change impact category contributes the most 
(68.6%) to the total impacts, while the largest con-
tributor from an economic activity perspective is the 
energy sector (59.5%). Geographically, both elements 
coincide in the German regions of Düsseldorf, Köln 
and Brandenburg, resulting in the concentration of 
the largest impacts at the European regional level. In 
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fact, Germany is the country with the highest impact 
(20.3% of total). Beyond this analysis, Amalur EIS is 
poised to be a valuable tool for tracking the transition 
towards sustainability, particularly in Europe.

Keywords Amalur EIS · PRTR  · LCIA · 
Environmental impact · Industrial activity

Introduction

Pollutant Release and Transfer Registers (PRTR) 
respond to the imperative of ensuring public access to 
information on environmental pollution. Their imple-
mentation is bolstered by various organisations and 
international agreements, aiming to collect and dis-
seminate crucial information on the release and transfer 
of pollutants. The inaugural registry, the Toxics Release 
Inventory (TRI) (United States Environmental Protec-
tion Agency, 2023), emerged in the USA in 1986 fol-
lowing the catastrophic Bhopal disaster of 1984, one of 
the deadliest industrial incidents in history (Broughton, 
2005; Varma & Varma, 2005). Key players such as the 
Organisation for Economic Co-operation and Develop-
ment (OECD, 2023) and United Nations Conference on 
Environment and Development (UNCED) have played 
pivotal roles in the development and implementation 
of PRTRs. The OECD produced a guidance manual in 
1996 (OECD, 1996), defining PRTRs as registries of 
releases and transfers of potentially harmful pollutants. 
The PRTR Protocol was adopted at an extraordinary 
meeting of the Parties to the Aarhus Convention in May 
2003 and was signed by 36 countries and the European 
Community (UNECE, 1998). Supported by UNCED, 
this protocol has further promoted the implementation 
of PRTRs at the international level. Several countries 
have established national PRTR systems following the 
recommendations of UNCED and the OECD.

Alongside to the implementation of the PRTR Proto-
col, the European Union (EU) developed its own regis-
ter, the European Pollutant Emission Register (EPER), 
regulated by Decision 2000/479/EC (European Com-
mission, 2000), which evolved into the European Pol-
lutant Release and Transfer Register (E-PRTR) in 2006 
by the adoption of Regulation (EC) number 166/2006 
(European Union, 2006). It was approved by the EU in 
February 2006, becoming the second party to sign the 
PRTR Protocol, after Luxembourg.

Covering 65 economic activities across Europe, the 
E-PRTR has been collecting comprehensive data on 
pollutant releases since 2007 and integrating it into the 
European Industrial Emissions Portal (European Envi-
ronment Agency, 2023a). The E-PRTR establishes a 
list of 91 pollutants that certain industrial complexes 
and agricultural activities meeting specific size and 
activity criteria—around 35,000 installations—are 
required to report annually above certain emission or 
waste transfer quantities. The E-PRTR has improved 
its performance over the years to become a reliable 
and consistent database, despite difficulties such as 
systematising the reporting process, lack of informa-
tion and occasional errors (Bünger, 2010; Dios et al., 
2014; Kolominskas & Sullivan, 2004).

While PRTRs do not directly regulate emissions, 
they do exert pressure on companies to reduce pol-
lution, creating incentives for emission reduction. 
Hamilton (1995) and Khanna et al. (1998) identified 
significant impacts when examining investor reac-
tions to the public disclosure of TRI environmental 
information. Market penalties were also observed for 
firms with the highest levels of pollution in the EPER 
(Cañón-de-Francia et al., 2008), although only some 
emissions are directly regulated by the EU (e.g.  CO2 
emissions). Nonetheless, pollution datasets such as 
the E-PRTR do exert pressure on companies that want 
to avoid being identified as big polluters (Cañón-de-
Francia et  al., 2008; Hamilton, 1995; Khanna et  al., 
1998) and allow governments and interest groups 
to participate in decision-making and advocate for 
cleaner practises (Fikru, 2011; Zuo & Wheeler, 
2019).

Public access to information on pollutant releases 
and transfers has become a pivotal tool for promoting 
transparency and accountability globally. PRTRs, epit-
omised by the E-PRTR, play a crucial role in pollution 
prevention and reduction, safeguarding the environ-
ment and human health on an international scale. The 
scientific literature includes studies on the use of PRTR 
registers in various geographic areas, such as the USA 
(Gouldson et al., 2015; Hamilton, 1995; Khanna et al., 
1998; Koh et al., 2016; Thant Zin & Lim, 2023), Japan 
(Nguyen et  al., 2021), Australia (Zuo & Wheeler, 
2019), Europe (Assen et  al., 2016; Bünger, 2010; 
Cañón-de-Francia et al., 2008; Fikru, 2011; Kolomin-
skas & Sullivan, 2004; Pistocchi et al., 2019; Shaddick 
et al., 2018) and within it, Austria (Rüttenauer, 2018), 
Sweden (Nordborg et  al., 2017; Sörme et  al., 2016), 
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Spain (Fernández-Navarro et  al., 2017; García-Pérez 
et al., 2013) and its region of Galicia (Dios et al., 2012, 
2014).

PRTR databases have been used to evaluate differ-
ent ways in which pollution impacts the environment 
(Dios et al., 2012). Several studies evaluate its impact 
on human health: Shaddick et  al. (2018) evaluate the 
health impact of pollution from landfills; Fernández-
Navarro et al. (2017) analyse the role of air pollution on 
cancer; García-Pérez et al. (2013) analyse cancer mor-
tality in populations close to incinerators and hazardous 
waste recovery or disposal facilities. Some studies focus 
their analyses on raw emissions data (Dios et al., 2012), 
or other environmental impacts. Assen et  al. (2016) 
use E-PRTR records to determine the environmental 
impacts of  CO2 capture, while Pistocchi et  al. (2019) 
quantify river pollution. Other studies focus their work 
on toxicological footprints. Sörme et al. (2016) calcu-
late the national chemical footprint of Sweden. Koh 
et al. (2016) analyse the toxicological footprint for the 
chemicals in the TRI release. Nguyen et  al. (2021) 
conduct an analysis of toxicological footprint changes 
in Japanese industrial sectors, and Erhart and Erhart 
(2022) provide a Swedish human toxicity and ecotox-
icity footprint analysis, complemented with an environ-
mental ranking of European industrial facilities by tox-
icity and global warming potentials (Erhart & Erhart, 
2023). E-PRTR records have also been used to inves-
tigate the extent of environmental inequality related to 
industrial air pollution in Austria (Neier, 2021).

Through the European Industrial Emissions portal 
(European Environment Agency, 2023a), the flows of 
pollutants emitted by industries reporting to E-PRTR 
can be consulted from various analytical perspec-
tives. However, the E-PRTR does not offer a direct 
translation of these simple metrics in kg units to 
complex indicators in units such as  kgCO2eq, CTUe 
or  molH+eq, linked to the different environmental 
impact (EI) categories established by the numerous 
existing life cycle impact assessment (LCIA) meth-
ods. Several studies have made progress in quanti-
fying impacts. Nguyen et  al. (2021) and Koh et  al. 
(2016) employ a toxicological footprint indicator, 
which is just the sum of masses of the different pol-
lutants, without applying a toxicity factor. This draw-
back has been solved by some others (Nordborg et al., 
2017; Sörme et al., 2016) that apply characterisation 
factors from the USEtox LCIA method in their cal-
culations of Sweden’s chemical footprints. Thant Zin 

and Lim (2023) propose MECPRIA, a methodology 
to evaluate the toxicity of PRI pollutant releases, 
which is an alternative to quantity-based (Koh et al., 
2016) and LCIA-based (Sörme et al., 2016) method-
ologies. When using LCIA methods, they also rely on 
the USEtox LCIA method. Very recently, the EEA 
has estimated the external costs of industrial air pollu-
tion trends (2012–2021) from E-PRTR facilities, cal-
culating the marginal damage cost on human health 
due to pollutants (European Environmental Agency, 
2024). A report by Mawdsley et  al. (2016) commis-
sioned by the Swedish Environmental Protection 
Agency also identified the use of weighted aggrega-
tions to properly account for pollutant impacts, such 
as toxicities, as a central issue.

Amalur EIS has been developed with the aim of 
advancing in the translation of pollutant emissions 
into the quantification of impacts (Amalur means 
Mother Earth in Basque language). It is an Envi-
ronmental Information System (EIS) with which 
to calculate the EI of the emissions gathered in the 
E-PRTR for the different impact categories proposed 
by several LCIA methods, such as follows:

• BEES + (NIST, 2023)
• CML-IA [Baseline] [Non-baseline] (CML, 2023)
• Crustal Scarcity Indicator (Arvidsson et al., 2020)
• Cumulative [Energy Demand] [Energy Demand 

(LHV)] [Exergy Demand] (Hischier et al., 2010)
• Ecological Scarcity 2013 (Frischknecht & Knöpfel, 

2014)
• EDIP 2003 (Danish Ministry of the Environment, 

2005)
• EF Method (Adapted) [2.0] [3.0] (Joint Research 

Centre, 2023)
• EN 15804 + A2 Method (EPLCA, 2023a)
• Environmental Prices (CE Delft, 2023)
• EPD 2018 (EPD International, 2023)
• EPS 2015 [D] [DX] (IVL, 2023)
• ILCD 2011 Midpoint + (EPLCA, 2023b; JRC, 

2012)
• Impact 2002 + (Jolliet et al., 2003)
• IPCC [2013] [2021 AR6] (Forster et al., 2021)
• ReCiPe 2016 [Midpoint (E)(H)(I)] [Endpoint (E)

(H)(I)] (Huijbregts, 2016)
• Selected LCI [Results] [Results, Additional] 

(Hischier et al., 2010)
• TRACI 2.1 (J. Bare, 2011; J. C. Bare et al., 2002)
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• USEtox 2 [Recommended Only] [Recom-
mended + Interim] (Rosenbaum et al., 2011)

These LCIA methods provide diverse geographic, 
sectoral and impact-specific perspectives, mak-
ing assessments more comprehensive and region-
ally relevant. Methods like BEES + and TRACI 2.1 
are tailored to North American priorities, while EF 
aligns with European standards and regulation. Some 
methods offer a broad scope of impacts, like CML-
IA, ILCD, EF and ReCiPe, which cover multiple 
categories. Others, such as IPCC for climate change 
and USEtox for toxicity, provide specialised analyses 
in their domains. Resource-focused methods (Crus-
tal Scarcity Indicator, Ecological Scarcity 2013) 
and energy-demand metrics (cumulative energy and 
exergy demand) address specific sustainability issues, 
while economic-based approaches (Environmental 
Prices, EPS 2015) provide cost-focused insights. End-
point approaches (EPS 2015, ReCiPe) offer aggre-
gated results ideal for decision-making, while mid-
point methods (CML-IA, ILCD, EF) provide detailed 
impact profiles. Using multiple methods enables 
cross-validation, which strengthens the results and 
reveals areas needing further analysis.

In each case, the EI contributions to air, water and 
land pollution are calculated by Amalur EIS, and 
for some pollutants, their release is also computed 
as resource depletion. There are other tools that also 
process PRTR data. For example, Overberg et  al. 
(2023) developed a Python-based tool for data analy-
sis and visualisation, and Dios et al. (2014) created a 
software tool for the validation of E-PRTR emissions 
data. Unlike these applications, Sörme et  al. (2016) 
go a step further in their chemical footprint calcu-
lation by converting the emissions collected in the 
E-PRTR into categorised EIs. To our knowledge, it is 
the first published work that does so, although it only 
uses USEtox from among the various LCIA methods. 
To fill this gap, Amalur EIS provides a comprehen-
sive set of LCIA methods and EIs, as indicated above, 
making it a robust and multidimensional tool. The 
conversion of emissions into environmental impacts 
represents a step forward in environmental infor-
mation systems, as it facilitates the identification of 
impacts beyond pollutants through various indicators.

The primary objective of this work is to demon-
strate the potential of Amalur EIS in estimating the 
environmental impacts of emissions from industrial 

facilities, providing ecological indicators that are not 
directly available from the raw data of PRTR records. 
The article is structured as follows: the “Methods and 
materials” section details the main design criteria 
used in developing the software; the “Results” section 
presents significant findings related to emission vol-
umes, analysis by impact categories, sectors of activ-
ity and geographical scope; and the “Discussion and 
conclusions” section outlines and discusses the key 
contributions of Amalur EIS in the field of ecological 
indicators.

Materials and methods

Amalur EIS relies on a two-layer software infrastruc-
ture: a data layer supported by a relational database 
built in a Postgres (PostgreSQL, 2023) RDBMS 
(Relational DataBase Management System) and a 
presentation layer built in Tableau (Tableau, 2023) 
providing a UI (User Interface) to facilitate exploita-
tion of the information.

Data layer construction process

The process of building the data layer required the 
prior design of an ERM (entity relationship model) 
to house all the data necessary to meet the desired 
informational objectives. Subsequently, this ERM 
was physically implemented in a Postgres RDBMS to 
finally perform the corresponding data ingestion from 
the starting sources, essentially E-PRTR and LCIA 
methods in openLCA format.

Emissions in E‑PRTR 

E-PRTR v18 is a relational database implemented in 
a Microsoft Access v2016 RDBMS that can be down-
loaded from the (European Environment Agency, 
2023b). Using SQL (Structured Query Language) 
code, queries (views, logical tables) are generated 
that fit directly into the physical table structure built 
in Postgres. Thus, the information incorporated into 
Amalur EIS in this phase is simply a list of all the 
emissions reported by the industrial complexes 
over the years 2007–2021 (hereafter, years always 
refer to years of pollutant emissions and not to their 
being reported several years later). The database also 
processes diffuse air emissions for the year 2008, 
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currently the only year available for said emissions 
in the E-PRTR. A more detailed analysis of these dif-
fuse emissions is reserved for a future publication. At 
present, the database does not include information on 
off-site transfers of waste, but its structure is designed 
to accommodate such data in future extensions of the 
tool.

The only significant problem encountered in this 
implementation phase is that practically one third 
of the industrial complexes located on land, as well 
as all those located offshore, have their NUTS field 
empty. Since this will be a critical field when carrying 
out impact analysis from a geographical perspective, 
we succeeded in solving this problem by intersecting 
the E-PRTR layer of points (lat, long) of industrial 
complexes with the polygon layer of NUTS regions 
(Eurostat, 2023). The result of the corresponding spa-
tial overlap query is as follows:

• Onshore facilities (93.6%) inherit the NUTS code 
of the region that contains them (their distance to 
it will always be 0 km).

• Facilities in territorial waters (5.7%) inherit the 
NUTS code of the nearest land region (their dis-
tance to it will always be less than the 22.2  km 
equivalent to the 12 nautical miles established for 
the limit of international waters).

• Facilities in international waters (0.6%) are 
assigned a NUTS code linked to the generic Extra-
Regio region of their corresponding country with 
code zzz (their distance to it will always be greater 
than 22.2 km).

Characterisation factors of LCIA methods

The characterisation factors (CF) of the LCIA meth-
ods considered were obtained from the openLCA 
LCIA Methods (v2.2.1) database, accessible through 
Nexus (2023). This resource is a relational database 
implemented in an Apache Derby v10 RDBMS, used 
by the openLCA software (Ciroth, 2007). Similar to 
the process described above, a selection of its data 
is imported into the physical table structure built for 
Amalur EIS. In this case, the information incorpo-
rated into the system is related to issues such as LCIA 
methods and their impact categories, elementary 
flows and what is needed to quantify their impact in 

terms of the environment, equivalent units of meas-
urement, etc.

In the process of preparing the data in Apache 
Derby for subsequent ingestion into the final Postgres 
repository, no significant problems were found. The 
most significant issue that arose is that some elemen-
tary flows have slightly different names in different 
LCIA methods, sometimes such minor details as the 
use of a hyphen, a space or a comma and the use of 
upper- or lower-case letters. These instances have 
required specific handling when loading characterisa-
tion factors into Amalur EIS.

The Table  SM1 “Characterisation factors” pro-
vided in the Supplementary Material presents the 
complete list of pollutants included in the E-PRTR 
protocol, with their corresponding characterisation 
factor for each medium and each impact category of 
the Environmental Footprint (EF) 3.0 LCIA method.

The union of emissions and environmental impacts 
in Amalur EIS

Amalur EIS v2024 is a relational database imple-
mented in a Postgres v15 RDBMS. As explained, it 
hosts a set of tables linked to the E-PRTR domain 
and another set of tables linked to the LCIA methods 
domain. In addition, it includes a third set of ad hoc 
built-in tables that close the unified ERM by linking 
the two previous domains. These linking tables con-
stitute a major contribution of this research and form 
the real heart of the system: they link every pollut-
ant in the E-PRTR releases database with a specific 
elementary flow in each LCIA method, if its charac-
terisation factor is available.

The LCIA methods characterise the elementary 
flows given in the life cycle assessment (LCA) meth-
odology (ISO, 2006a, b) by means of characterisa-
tion factors based on three fundamental elements: 
pollutant, medium and environment.1 Thus, to link 
the information contained in the E-PRTR domain 
with that provided by the LCIA methods domain, it 

1 Note: The three possible emission media are air, land or 
water. In addition, each medium may be associated with dif-
ferent environments: high/low population density, lower/upper 
stratosphere or indoor for the air medium; forestry, agricul-
tural or industrial for the land medium and surface water, 
ocean, lake, river or freshwater for the water medium. open-
LCA uses the terminology category/sub-category to refer to 
medium/environment, in the same way that Erhart and Erhart 
(2022) use that of sub-compartment.
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is necessary to establish one-to-one relationships at 
these three levels between the table records of the 
two informational environments. The definition of 
such relationships at the database level was met with 
several problems that were finally resolved using the 
methodology detailed in the following sections.

Linking < E‑PRTR pollutant > with < elementary 
flow from LCIA methods >  The most obvious can-
didate, a priori, for a key to link the pollutants typed 
in E-PRTR with those included in the LCIA methods 
flows was the CAS number (Chemical Abstracts Ser-
vice) (American Chemical Society, 2023). However, 
after an initial analysis, it was found that, although this 
field exists in the LCIA methods flow table, 10% of 
the records are missing this information. On the other 
hand, a considerable number of pollutants collected in 
E-PRTR are not assimilable to a specific CAS, such 
as halogenated organic compounds, chlorides or par-
ticulate matter, to name but a few. Thus, this double 
circumstance de facto rules out the potential use of the 
CAS as a binding key, making it necessary to define 
an artificial key for this purpose.

This key was established semi-automatically 
by implementing successive search processes that, 
cumulatively, have made it possible to link more 
and more records from both domains. Thus, in 
an initial approximation, all direct CAS matches 
between < E-PRTR pollutant > and < elementary flow 
from LCIA methods > were identified. As already 
known, this has only worked satisfactorily in simple 
cases such as that of methane, which is clearly typed 
in the E-PRTR as CH4 and correctly labelled as 74–
82-8 in most of the LCIA method flows. Next, we 
searched for literal matches by name, again finding 
several matches in simple cases such as that of car-
bon dioxide. From there, it was necessary to conduct 
a multitude of further searches, this time guided by 
new criteria, no longer of literal matches but of mere 
similarity, and not only at name level but also at that 
of other possible labels such as chemical formula and 
acronym. Finally, a priority order was established so 
as to be able to choose a single characterisation fac-
tor (CF) in the case that several CF can be linked to 
the same emission registered in E-PRTR. The crite-
rion used to establish this hierarchy was specific for 
each pollutant. In most cases, the hierarchy is irrel-
evant, since differences are simply due to name vari-
ations (Nonylphenol, NONYLPHENOL; Hydrocyanic 

acid, Hydrogen cyanide). In the case of Carbon mon-
oxide, for example, the Carbon monoxide elementary 
flow was always chosen first, or otherwise the Carbon 
monoxide, fossil, or otherwise the Carbon monoxide, 
land transformation, or otherwise the Carbon mon-
oxide, biogenic. In the case of metals, the approach 
proposed by Sörme et  al. (2016) was adopted, tak-
ing the compound species with the highest CF (most 
toxic). Thus, for Chromium and compounds (as Cr), 
for example, the chosen hierarchy was Chromium, 
Chromium, ion, Chromium compounds and Chro-
mium, unspecified. The same procedure was followed 
for other metals.

In any case, the result of this rigorous process was 
highly satisfactory, since 86% of the pollutants typi-
fied in E-PRTR have finally been linked to their cor-
responding elementary flow covered by at least one 
LCIA method (and usually by several). Thus, Amalur 
EIS is currently able to quantify the EI of the emis-
sions linked to 78 of the 91 pollutants recorded and 
is only limited for the following 13 pollutants that 
are left out: hydro-fluorocarbons (HFCs) [#04], per-
fluorocarbons (PFCs) [#09], hydrochlorofluorocar-
bons (HCFCs) [#14], chlorofluorocarbons (CFCs) 
[#15], halons [#16], brominated diphenylethers 
(PBDE) [#63], organotin compounds (as total Sn) 
[#69], tributyltin and compounds [#74], triphenyltin 
and compounds [#75], total organic carbon (TOC) 
(as total C or COD/3) [#76], asbestos [#81], octyl-
phenols and octylphenol ethoxylates [#87] and hexa-
bromobiphenyl [#90]. Furthermore, these results are 
even more promising considering that only 7 of these 
13 pollutants (namely, [#04], [#09], [#14], [#15], 
[#16], [#81] and [#90]) are reported by any facility in 
E-PRTR v18, which puts Amalur EIS at 92% effec-
tiveness (see Fig. 1, which shows the scope of Amalur 
EIS v2024 for all 24 LCIA methods considered; red 
arrows show the scope variation when only the EF3.0 
LCIA method is considered).

Figure 1 shows the scope of the tool in terms of its 
capacity to identify release flows. The area labelled 
Analysable using Amalur EIS with openLCA LCIA 
Methods (v2.2.1) database contains all the flows 
that Amalur EIS can analyse in at least one of the 
24 LCIA methods considered. On the other hand, 
red arrows indicate which of these releases are not 
analysable in the specific case of the EF 3.0 LCIA 
method. As seen, Amalur EIS fails to analyse the 
impact of eight flows involving five pollutants ([#08], 
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[#12], [#31], [#55] and [#82]). Most of these cases do 
not really constitute a limitation, as they are neither 
regulated nor reported. Pollutant [#08] into water is 
equally irrelevant, since it is not regulated, although 
it is reported, while pollutant [#12] into land could 
become a limitation, although it is true that no facility 
has reported it so far. Thus, pollutant [#82] into land 
is the only case that constitutes a real limitation, since 
it is a regulated and reported pollutant whose impact 
Amalur EIS is unable to calculate using the EF 3.0 
LCIA method.

The final scope of the system in its current version 
(v2024) at the level of pollutants, media and LCIA 
methods is provided comprehensively in Table SM2 
“Exhaustive scope of Amalur EIS v2024”, under Sup-
plementary Material.

Linking < medium E‑PRTR > with < medium LCIA 
methods >  In this case, there was no difficulty in 
identifying the medium, since the name matching 
between < medium E-PRTR > and < medium in LCIA 
methods > is straightforward, except in the case of 
the soil and land tags, which are very easily taken as 
equivalent, in any case.

Linking < environment E‑PRTR > with < envi‑
ronment LCIA methods >  The fact that LCIA 
methods assign CF to elementary flows according 
to medium and environment means that the quanti-
fication of the EI caused by the emission of a given 
quantity of pollutant into a particular medium varies 
depending on the environment in which it occurs. This 
being so, to complete the process of total and defini-
tive unification of the E-PRTR and LCIA method 
domains, it was absolutely essential to correctly 

link this third and final element. However, it quickly 
became apparent that the challenge would be impos-
sible to overcome by any simple means: no E-PRTR 
table contains any field that can be even remotely 
taken as equivalent to the concept of environment. 
Faced with such a scenario, the only plausible option 
was to establish a criterion that allows one and only 
one of all the possible flows associated with a par-
ticular pollutant and medium in its various environ-
ments to be associated with the emissions recorded 
in E-PRTR. For this purpose, an order of priority was 
defined as shown in the following hierarchy:

• Air: Unspecified > high population density > low 
population density > lower stratosphere + upper 
troposphere > indoor

• Land: Unspecified > industrial > agricultural > for-
estry

• Water: Unspecified > freshwater > river > lake >  
ocean > surface water

The unspecified environment was chosen when-
ever available. If not available, for the air and land 
media, it was assumed that industrial facilities tend 
to be located in industrial areas with a high popula-
tion density. For the water medium, the freshwater 
environment was prioritised, following Sörme et  al. 
(2016). A sensitivity analysis was carried out to eval-
uate the significance of using unspecified as the first 
option versus its use as the last option in the hierar-
chy. When calculating total impacts for all E-PRTR 
records using the EF 3.0 LCIA method after nor-
malisation and weighting, this change resulted in an 
increase in total impacts of only 0.8%, allowing us to 
conclude that its effect is limited.

Fig. 1  Scope of Amalur EIS v2024. Source: Amalur EIS
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Finally, it should be noted that the LCIA meth-
ods database takes a fourth medium resource into 
account, in addition to the three of air, land and 
water. This fourth medium is related to the elemen-
tary flows of the impact categories associated with 
resource depletion. Therefore, the E-PRTR releases 
were also linked to these elementary flows for their 
computation in the respective resource depletion 
impact categories.

Presentation layer construction process

When exploiting a database, it is advisable to build 
a presentation layer, that is, a user-friendly UI that 
abstracts from the data layer and focuses on the 
informational potential of the created system. In this 
regard, E-PRTR makes use of a shallow interaction 
interface through the European Industrial Emissions 
Portal (European Environment Agency, 2023a), but 
the data exploitation capabilities of this platform are 
highly limited.

In the case of Amalur EIS, a data exploration envi-
ronment has been created with Tableau v2022 that 
allows the end users of the system to benefit from 
all the power of an information system via a simple, 
responsive and visually intuitive interface (see Fig. 2).

Results

Amalur EIS performs complex multidimensional 
analyses, yet the results are presented in a very visual 
and easily interpretable way, through coloured geo-
graphical maps or simple histograms. The informa-
tion system itself and its usefulness as a tool is the 
main result of the work carried out. Moreover, from 
its usage, other results are derived, demonstrating 
the practical value of the tool. This is what is shown 
in the following sections, presenting a large num-
ber of use cases with remarkable results that show 
the potential of the software in response to particu-
lar queries. In most cases, the EF 3.0 LCIA method 
has been used. In fact, EF is the LCIA method pro-
posed by the European Commission (2021) to meas-
ure and communicate the life cycle environmental 
performance of products and organisations. EF is 
an extensive method which covers 77 pollutants out 
of the 91 regulated by E-PRTR in a wide variety of 

impact categories (26 in total, related to acidification, 
climate change, ecotoxicities and human toxicities, 
eutrophication, ozone depletion, particulate matter, 
photochemical ozone formation and resource use). 
Thus, this section is divided according to the particu-
lar analyses conducted regarding release volumes, 
impact categories, activity sectors and geographical 
scope.

Findings related to release volumes

Before analysing LCA indicators, two facts must 
be highlighted, observed when using Amalur EIS 
directly on the basic metrics provided by E-PRTR. 
The first issue is shown in Table  SM3 “Top 100 
release outliers in E-PRTR” provided in the Sup-
plementary Material, which ranks the 100 facili-
ties with the highest volume of releases. In order to 
determine outliers within a sample, it is common to 
consider values below q1 − 1.5 × (q3 − q1) or above 
q3 + 1.5 × (q3 − q1) as outliers (where q = quartile). 
Analysing the records reported in E-PRTR database 
in this way, Amalur EIS detects 5.46% abnormal 
releases (30,028 outliers in 549,545 records of pollut-
ant releases), of which the 100 given in Table  SM3 
are striking, since they are over 100 times greater than 
the median of pollutant releases reported in the period 
2007–2021 by a single facility, taking only controlled 
reports into account (accidental reports have not 
been included in the analysis so as not to distort the 
results). It can be confirmed that the top 11 releases 
listed in Table SM3 exceed the median by thousands 
of times and can only be interpreted as reporting data 
quality errors, particularly the first two, whose order 
of magnitude is several million times the median. It 
must be taken into account that a non-negligible part 
of the data collected in E-PRTR may require correc-
tions, as already pointed out by Dios et  al. (2014) 
and Erhart and Erhart (2023). Moreover, Annex 4 of 
a Technical note recently published by the European 
Environmental Agency (2024) includes 228 correc-
tions made to E-PRTR data concerning erroneous air 
release entries registered by 188 facilities. Of these 
corrections, 40% (specifically 88 of 228) had already 
been identified as abnormal releases by Amalur EIS 
using the aforementioned outlier assessment method 
based on quartile analysis, which identifies values that 
deviate markedly within a given sample. In fact, two 
erroneous releases reported by the EEA also appear 
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in Table SM3: DJP—De HoopBV, with 1.26 ×  108 kg 
of nitrogen oxides erroneously reported in 2021 (869 
times the median), and ENIPOWER S.P.A.—Sta-
bilimento di Brindisi, with 1.27 ×  107  kg of nitrous 
oxide erroneously reported in 2020 (326 times the 
median). The other 86 cases identified by Amalur 
EIS also meet the condition of outliers, although they 
do not appear in Table SM3 because they exceed the 
median by less than 100 times. Amalur EIS detects 
other outliers that are not included in Annex 4. The 
facility EDAR EL PRAT DE LLOBREGAT ranks 7th 
in Table SM3 for a Simazine release in 2014 that is 
multiplied by ten but is missing in Annex 4, probably 
because it is a release into water. The facility ranking 
11th, EXPLOTACIÓN PORCINA (UNIFICADO) 

HERMANOS MATAS DE HUERTA S.L., presents 
an outlier methane release into air in E-PRTR that is 
clearly erroneous, as it does not appear in the Spanish 
PRTR. Another  CO2 release from BIZKAIA ENER-
GIA, S.L. (a natural gas combined cycle) is not listed 
in Annex 4, although it is clearly erroneously reported 
as tenfold (PRTR España, 2024).

The second issue to highlight is that of trends 
over time. Notably, annual releases generally show a 
decreasing pattern, as indicated by the slopes of trend 
lines calculated from linear regression for each pol-
lutant over the period 2007–2021 (refer to Table SM4 
“2007–2021 E-PRTR Release Trend by Pollutant” 
in the Supplementary Material). However, we must 
be cautious before drawing hasty conclusions when 

Fig. 2  Amalur EIS web site. Source: https:// www. amalur- eis. eus/

https://www.amalur-eis.eus/
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interpreting the results of a large-scale data analy-
sis. In this sense, it must not be forgotten that, while 
linear regressions with a p-value close to 0 will be 
highly accurate and predict with certainty the sus-
tained evolution over time, those with a p-value 
close to 1 will be less accurate. Here, Amalur EIS is 
again a helpful tool, as it allows us to visualise the 
trend analyses performed (see Figure  SM1  “Graphi-
cal extract of 2007–2021 E-PRTR releases trend by 
pollutant” provided in the Supplementary Material). 
This can be seen very clearly in the cases of carbon 
dioxide, nitrogen oxide or sulphur oxide releases 
into the air, whose p-value is < 1 ×  10−4. In the case 
of toluene releases into water, the p-value increases 
to 1.87 ×  10−3, but the trend line still demonstrates 
a relatively high predictive capability. On the other 
hand, the predictive relevance of the trend lines with 
p-values > 0.9 is very poor, as in the case of atrazine 
or chlordecone releases into water, or toluene releases 
into the air.

Amalur EIS allows for analyses such as those 
described above at the facility, activity sector and 
geographic region level. An example of this process 
is provided in Figure SM10 “Düsseldorf total releases 
during the period 2007–2021” in the Supplementary 
Material. The chosen case refers to releases per pol-
lutant reported in Düsseldorf (Germany) by facili-
ties in the energy sector, grouped by sub activity and 
NUTS 3 region. The emissions are represented on 
their own scale for each pollutant, so the size of the 
coloured rectangles is comparable between differ-
ent pollutants only vertically, but not horizontally. In 
addition, the figure illustrates how easy it is to access 
the data underlying the graphical views by right-
clicking the mouse to activate the contextual menu. In 
turn, this data can be easily exported for post-process-
ing through other third-party tools external to Amalur 
EIS, such as SQL, Excel, SPSS or QtiPlot.

Findings related to impact categories

The E-PRTR database allows us to consult isolated 
pollutant emission volumes but does not consider 
their combined impact. In contrast, Amalur EIS 
allows the user to total the impacts linked to the 
variety of pollutants that may be involved in each 
of the different impact categories. This is shown, 
for instance, in Table  SM1 “Characterisation 
factors”, containing all the CFs of the E-PRTR 

regulated pollutants in each of the impact catego-
ries in the EF 3.0 LCIA method, which consid-
ers up to 69 different regulated pollutants in the 
freshwater ecotoxicity impact category. Amalur 
EIS makes it possible to calculate the total envi-
ronmental impact (EI) in any specific category 
associated with the emission of all pollutants reg-
istered within a facility, region or activity sector 
in the E-PRTR, for a selected range of years. As 
an example, Table 1 shows the total EI associated 
with each of the activity sectors included in the 
E-PRTR for the entire period 2007–2021, in each 
of the impact categories included in the EF 3.0 
LCIA method.

The processing of the 549,545 releases from the 
31,556 facilities of the E-PRTR during the period 
2007–2021 allows us to estimate, for example, a 
total impact of 32.4 Gt  CO2 in climate change, 19.1 
Mt Neq in eutrophication (marine), 220,000 CTUh 
in human toxicity or 499 t CFC11eq in ozone deple-
tion. The energy sector leads the impacts not only in 
the climate change category but also in acidification, 
eutrophication, human toxicity (non-cancer), particu-
late matter and photochemical ozone formation. The 
intensive livestock production and aquaculture sector 
generates significant impacts in eutrophication (fresh-
water) (17% of the total) and eutrophication (terres-
trial) (19%). The mineral industry accounts for 97% 
of the impact in ozone depletion and 47% in ecotoxic-
ity (freshwater).

Another of Amalur EIS’ potentialities is that 
it brings out divergences between different LCIA 
methods. For example, significant differences are 
observed between the freshwater ecotoxicity impact 
categories of EF 3.0 and USEtox 2 methods. Fig-
ures  SM2  and SM3  in the Supplementary Material 
show the ranking for Spanish facilities (2007–2021) 
in the ecotoxicity (freshwater) category for the EF 
3.0 and the USEtox 2 (recommended + interim) 
methods, respectively. The rankings differ signifi-
cantly. The analysis of this specific case with our EIS 
shows that while impacts in USEtox 2 are dominated 
by copper and zinc compounds (87.1% and 7.2% 
of total), no impact is assigned to chlorides, which 
account for 88.9% of total impacts in EF 3.0. These 
results are consistent with Sala et  al. (2022), who 
state that USEtox 2 presents a dominance of met-
als and lacks robust fate modelling for non-organic 
compounds.
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Findings related to activity sectors

Using Amalur EIS, information has been obtained on 
the impact of the different activity sectors included 
in the E-PRTR in the various impact categories pro-
posed by the EF 3.0 LCIA method. Two visualisa-
tion examples are provided in the Supplementary 
Material. Figure SM4 “Impacts of the E-PRTR dur-
ing the period 2007–2021 by activity sectors in the 
eutrophication terrestrial category” shows a histo-
gram dominated by the energy sector (with an impact 
of 8.58 ×  1010  mol N eq out of a total impact of 
1.78 ×  1011 mol N eq for the period 2007–2021) and 
the intensive livestock production and aquaculture 
sector (with an impact of 3.42 ×  1010 mol N eq). And 
Figure SM5 “Map of regional (NUTS 2) impacts for 
the category eutrophication, terrestrial in the inten-
sive livestock production sector” shows that only the 
three regions with the highest impact, Lombardia in 
Italy, Cataluña and Castilla y León in Spain, account 
for 4% of the total impacts (all sectors) in the E-PRTR 
in this category.

The role of each sector in each impact category 
in the EF 3.0 method is gathered in Table  2, which 
shows the percentage of the total impact (line 1) cor-
responding to each activity sector, as well as the per-
centage contribution to the sector impact (line 3) of 
the main pollutant involved (line 2). The quantity of 
pollutants appears in the second header line (72 dif-
ferent pollutants for freshwater ecotoxicity total, 60 
for human toxicity [non-cancer] total and so on).

Amalur EIS reveals that the dominant pollutants 
vary according to the activity sector. Although it is 
true that there are certain categories, such as climate 
change (biogenic), freshwater ecotoxicity (metals), 
eutrophication (freshwater) and ozone depletion, in 
which the main pollutant is always the same ([#01], 
[#20], [#13] and [#53], respectively), this is not the 
case in many other categories, the two most signifi-
cant cases being freshwater ecotoxicity (organics) 
([#01], [#07], [#32], [#40], [#67], [#71] and [#88]) 
and human toxicity (cancer) ([#19], [#21], [#47], 
[#50] and [#53]) which show notable variations 
depending on the activity sector.

Activity sectors show significantly homogeneous 
behaviour at the level of impact in the distinct cate-
gories. The energy and waste sectors prove to be the 
most polluting in practically all the EF 3.0 categories, 
while those related to food and animal products and 

paper and wood production are the least polluting 
ones.

Amalur EIS also allows endpoint impact analysis. 
As an example, Table 3 shows the impacts provided 
by the ReCiPe 2016 Endpoint (I) method in the area 
of protection of ecosystem quality. When compar-
ing these results with those provided by EF 3.0 (nor-
malisation and weighting, first row of Table  1), we 
observe that the energy sector remains as the one with 
the highest impact (63.8% of total impact in ReCiPe; 
59.5% in EF). But changes occur in the following 
positions: the energy sector is now followed by the 
mining sector (with 9.7% of total impact; 6.1% in EF) 
and the production and processing of metals (7.0%; 
in second position in EF with 11.4% of total impact). 
The ranking also changes in the area of protection 
of human health (energy sector, first place; mining, 
second and waste management, third). This can be 
checked in Figure  SM6 “Ecosystem impacts by cat-
egory (ReCiPe 2016 Endpoint (I)) in each activity 
sector (2007–2021)” in the Supplementary Material 
which extends the scope of Table 3 to the three areas 
of protection (human health, ecosystem quality and 
resource scarcity).

Finally, Fig.  3 shows the 2007 to 2021 evolution 
of the impact of the nine activity sectors considered 
in the E-PRTR (plus those not specifically recorded), 
for each of the 12 main impact categories of the EF 
3.0 LCIA method. The annual impacts in each sector 
have been normalised to the impact of each sector in 
2007, except in the ozone depletion category, where 
normalisation is carried out with respect to the first 
annual data recorded. The vertical axes of the graphs 
for human toxicities (cancer and non-cancer), ozone 
depletion and particulate matter are interrupted to 
facilitate visualisation. The thicker lines correspond 
to the sectors whose impact amounts to more than 
50% of the total. There is a general decrease in EI, 
although this depends on the specific activity sectors 
and the impacts considered in each case.

The graphs in Fig.  3 provide substantial trend-
level insights, generally indicating a decrease in 
impacts over time. The energy sector stands out as 
the most significant in impact terms, accounting 
for the largest relative contribution in 8 of the 12 
impact categories analysed. Despite its prominence, 
this sector exhibits a consistent downward trend 
across several impact categories, including acidifica-
tion (− 87.4% from 2007 to 2021), climate change 
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(− 48.4%), eutrophication (freshwater (− 86.4%), 
marine (− 74.6%) and terrestrial (− 73.7%)), human 
toxicity (non-cancer) (− 54.1%), particulate matter 
(− 89.8%), photochemical ozone formation (− 76.3%) 
and resource use (minerals and metals) (− 67.1%). 
Other prominent sectors, such as production and 
processing of metals, mineral industry and chemical 

industry, also show declining trends in impact gen-
eration. However, there are notable exceptions. For 
instance, the energy sector shows increased impacts 
in freshwater ecotoxicity (+ 66.0%), while the paper 
and wood production and processing sector shows a 
moderate rise (+ 7.2%) in climate change impacts. 
Similarly, the intensive livestock production and 

Fig. 3  Evolution of EF 3.0 impacts by activity sector (2007–2021). Years refer to years of pollutant emissions. Source: Amalur EIS
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aquaculture sector and the waste and waste-water 
management sector exhibit very significant but prob-
ably punctual increases in human toxicity (cancer).

The Supplementary Material includes, as an 
example, two views of the data provided by Amalur 
EIS. Figure SM7  shows “Aggregated impacts of the 
activity sectors in the EF 3.0 impact categories”, 
while Figure SM8 shows “Temporal evolution of the 
impact of the intensive livestock production sector in 
the eutrophication terrestrial category for the whole 
period 2007–2021”.

Findings related to geographical scope

A geographical analysis using Amalur EIS, for the 
EF 3.0 LCIA method in its various impact categories, 
yields the data shown in the annexed Table SM5 “EF 
3.0 top 10 facilities” and Table SM6 “EF 3.0 top 10 
regions”, provided in the Supplementary Material.

The top ten facilities in each impact category 
account for between 6 and 16% of the total E-PRTR 
impact, except for freshwater ecotoxicity (32.8%; with 
seven facilities accounting for between 2.7 and 5.9%), 
human toxicity (cancer) (95.6%; a single Bulgarian 
facility—Stam Treiding AD—located in the region 
of Югoзaпaдeн accounting for 86% of total impact) 
and ozone depletion (adding up to 92.3%; with four 
facilities accounting for between 12 and 24%; along 
with three facilities in France exceeding 50% of the 
E-PRTR total impact). Except for these categories, 
no facility exceeds 5% of total impacts. In relation to 
regions, the combined impacts of the top ten NUTS 
2 regions exceed 15.9% of total E-PRTR impacts in 
all categories (between 15.9 and 29.5%), except, once 
again, in freshwater ecotoxicity (55%; four regions in 
Germany account for 25.4%), human toxicity (can-
cer) (95.6%; dominated by the above-mentioned 
Bulgarian facility) and ozone depletion (92.3%; four 
regions in France exceeding 54% of the total). At this 
point, we must mention that the case of the Bulgar-
ian Stam Treiding AD facility is included as a data 
referral error in Annex 4 of (European Environmental 
Agency, 2024), which recommends the elimination of 
said record from the table of releases contained in the 
E-PRTR v18 database. The only record of this facil-
ity in the E-PRTR is a 1000.92  kg PCDD + PCDF 
release to air in 2018, which is obviously erroneous 
and should be fixed in future updates of the E-PRTR 
database. It is also necessary to point out that the 

Amalur EIS development team has not fixed any 
release reporting error in the E-PRTR v18 database, 
as this type of corrective action is outside the scope 
of the present research.

When cross-checking the most pollutant regions 
and facilities, in 5 of the 12 categories in the EF 3.0 
LCIA method, the facility with the highest impact is 
located in the region with the highest impact (human 
toxicities [cancer, non-cancer], acidification, ozone 
depletion and resource use). Düsseldorf in Germany 
is the top-impact region in four categories (climate 
change, freshwater ecotoxicity, human toxicity [non-
cancer], photochemical ozone formation); in another 
two, it is the Югoзaпaдeн region, located in Bulgaria 
(human toxicity [cancer], acidification) and two oth-
ers are regions in Spain (eutrophication [marine, ter-
restrial], Andalucía and Castilla y León, respectively; 
Figure SM5 shows the significance of the impact of 
the intensive livestock production sector in the differ-
ent Spanish regions in the eutrophication [terrestrial] 
category); the rest are located in Norway (eutrophica-
tion [freshwater]), Serbia (particulate matter), France 
(ozone depletion) and Poland (resource use [minerals 
and metals]).

In the Supplementary Material, Table  SM7 “EF 
3.0 ranking of countries” and Table  SM8 “EF 3.0 
ranking of NUTS 2 regions” rank 32 countries and 
306 NUTS 2 regions, respectively, that are covered 
by the E-PRTR. Countries and NUTS 2 regions are 
ranked by total impact after applying the normalisa-
tion and weighting steps provided by the EF 3.0 LCIA 
method. Results are provided as normalised points 
and as percentages of the total impact for the whole 
E-PRTR region. Table SM7 shows that only German 
facilities generate 20.25% of the total impacts, while, 
taken together, those from the UK (10.45%), Poland 
(9.65%), Spain (6.97%) and Italy (6.70%) generate 
33.76%, with these five countries together account-
ing for more than 50% of total impacts. If Bulgaria 
(5.98%), France (5.74%), the Netherlands (4.98%) 
and Czechia (4.40%) are also taken into account, 
the impact of these nine countries exceeds 75% of 
the total. Our analysis of Table  SM8 concludes that 
the 12 regions with the highest aggregate impact for 
the whole period 2007–2021 are Югoзaпaдeн (Bul-
garia, 3.92%; dominated by only two facilities, one 
of which is clearly erroneous), Düsseldorf (Germany, 
3.55%), Köln (Germany, 2.93%), Brandenburg (Ger-
many, 2.45%), Śląskie (Poland, 2.18%), Severozápad 
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(Czechia, 2.01%), Łódzkie (Poland, 1.60%), Zuid-
Holland (Netherlands, 1.59%), North Yorkshire (UK, 
1.46%), Югoизтoчeн (Bulgaria, 1.39%), Derbyshire 
and Nottinghamshire (UK, 1.29%) and Sud-Vest Olte-
nia (Romania, 1.23%), with a combined share of more 
than 25%. It is noteworthy that these regions alone 
score higher than entire countries such as Ireland, 
Slovakia, Hungary, Estonia or Austria. Table  SM9 
shows that in those 12 NUTS 2 regions with the great-
est impacts, the climate change category presents a 
contribution above the average, except in three cases: 
in Югoзaпaдeн (Bulgaria), human toxicity (cancer) 
stands out (92%) due to an erroneous reporting, and in 
Югoизтoчeн (Bulgaria) and Sud-Vest Oltenia (Roma-
nia), climate change drops to 46% while impacts in 
acidification and particulate matter are greater than 
20% (averages are 7.5% and 6.4%, respectively). In 
addition, two Extra-Regio NUTS 2 areas present sig-
nificant impacts on the sea. These areas are associated 
with the UK, ranking 54th out of 306 with an impact 
of 0.55%, and with Norway, ranking 94th out of 306 
with an impact of 0.35%. Their impacts are higher 
than those of countries such as Slovenia (0.36%) and 
Switzerland (0.31%), respectively.

Table  SM9 “EF 3.0 normalised and weighted 
impacts for countries and regions by impact cate-
gory” shows that the dominant impact category is cli-
mate change (68.6% of the total in all E-PRTR), but 
with differences depending on the country. Among 
those with the highest total impacts, the Netherlands 
(88.8%), Germany (83.0%) and Czechia (79.4%) have 
an above-average impact in the climate change cat-
egory. Others are below the average: Spain (55.8% 
in climate change) presents greater-than-average 
impacts in acidification (12.2% vs 7.5%) and eutroph-
ications (12% vs 6.3%). In Bulgaria, human toxicity 
(cancer) impact is disproportionately high (60.5% vs 
4.2%) due to an erroneous reporting.

In addition, the total sectoral impacts for the 
whole period 2007–2021 are shown in Table  SM10 
“EF 3.0 normalised and weighted impacts for coun-
tries and regions by activity sector”. As noted before, 
the energy sector generates the highest total impact 
(59.5%), with a wide gap over the rest, as the fol-
lowing four sectors together account for less than 
40% of the total impact: production and processing 
of metals (11.4%), mineral industry (9.3%), waste 
and waste-water management (6.6%) and chemical 
industry (6.1%). The weight of the energy sector is 

particularly relevant in some countries, such as Esto-
nia (93.7%), Serbia (87.2%), Greece (84.1%), Czech 
Republic (75.2%), Denmark (69.3%), Netherlands 
(68.7%), Cyprus (68.3%), Poland (67.7%), Germany 
(67.2%) and the UK (66.7%), where it exceeds the 
average value (59.5%). In these countries, the rest 
of the sectors in general do not differ much from 
the average values, with the exception of the min-
eral industry in Cyprus (25.8%), Denmark (14.9%) 
and Poland (12.7%), and the waste sector in the UK 
(13.7% vs 6.6%). Other countries, however, show a 
different sectoral behaviour. In France, where nuclear 
power is very significant, all other important sectors 
exceed the average values: production and processing 
of metals (16.2%), mineral industry (12.6%), waste 
and waste-water management (11.9%) and chemical 
industry (12.6%). On the other hand, in some other 
countries, the impacts derived from the intensive live-
stock production and aquaculture sector show values 
well above the average value (2.7%), as is the case 
in Norway (11.9%), Portugal (8.1%), Spain (7.9%), 
Romania (7.3%) and Italy (4%).

Discussion and conclusions

Amalur EIS allows us to analyse the environmental 
impacts derived from the emissions registered in the 
E-PRTR for the main industrial facilities in Europe. 
The use of the EF 3.0 LCIA method allows for the 
quantification of environmental impacts in a vari-
ety of impact categories—namely, climate change, 
ecotoxicity, human toxicities, photochemical ozone 
formation, acidification, eutrophications, particu-
late matter, ozone depletion and resource use (min-
erals and metals)—of a large number of facilities in 
different activity sectors, countries and regions. In 
addition, other LCIA methods can also be applied 
within the software, which may help to uncover diver-
gences and complementarities between the differ-
ent methods. While TRACI is promoted by the US 
Environmental Protection Agency, EF is promoted 
by the European Commission and provides a differ-
ent geographic scope. Many methods incorporate the 
GWP100 metric for global warming, but IPCC meth-
ods also consider other metrics and time horizons. 
Some methods are more comprehensive (CML-IA, 
ReCiPe, EF, TRACI), while others are more specific, 
like IPCC (focused on climate change) and USEtox 



 Environ Monit Assess (2025) 197:163163 Page 18 of 23

Vol:. (1234567890)

(focused on ecotoxicity and human toxicities). While 
EPS is an endpoint method assessing economic dam-
age, ReCiPe considers the areas of protection human 
health, ecosystem quality and natural resources at 
endpoint level. Combining insights from different 
LCIA methods can provide a broader understanding 
of environmental impacts. Results from one method 
can help validate findings from another, strengthening 
confidence in the results or highlighting areas where 
further analysis may be needed if results diverge.

The environmental impacts from all E-PRTR facil-
ities calculated with the EF 3.0 method for the period 
2007–2021 are dominated by four sectors of activ-
ity. The energy sector presents the highest impacts 
in the categories of climate change, eutrophications 
(marine, terrestrial), human toxicity (non-cancer), 
particulate matter and photochemical ozone forma-
tion. The sector of production and processing of 
metals takes first place in human toxicity (cancer) 
and resource use (minerals and metals). Meanwhile, 
the mineral industry sector leads in the categories 
of ecotoxicity and ozone depletion. The waste sector 
leads in the eutrophication (freshwater) category. It 
is worth noting that the intensive livestock produc-
tion and aquaculture sector generates between 16 and 
20% in two of the three eutrophication categories and 
between 10 and 11% in acidification and particulate 
matter (see Table 2).

Activity sectors generally show a decrease in envi-
ronmental impacts over time. This downward trend 
is especially evident for the energy sector, which is 
the most significant contributor in 8 of the 12 main 
impact categories of the EF method. As a result of the 
decarbonisation policies promoted by the European 
Union, the energy sector shows substantial impact 
reductions from 2007 to 2021 that, for example, reach 
48.8% in climate change, 87.4% in acidification and 
89.8% in particulate matter. Other notable sectors, 
such as production and processing of metals and the 
mineral and chemical industries, also exhibit declin-
ing trends in impact generation.

The normalisation and weighting steps provided 
by EF 3.0 aggregate in a single indicator the total 
impact of E-PRTR facilities for all categories. 
This allows us to conclude that facilities in the 
five most polluting countries contribute more than 
50% of the total impact (Germany, 20.25%; UK, 
10.45%; Poland, 9.65%; Spain, 6.97% and Italy, 
6.70%). Leaving aside the region of Югoзaпaпaдeн 

(Bulgaria), where a facility with a serious data 
reporting error is located, the regions that account 
for more than 2% of the total impact are as fol-
lows: Düsseldorf (Germany), with 3.55% of the 
total impact and exceeding average values in three 
impact categories (climate change, 81.5% vs 68.6%; 
ecotoxicity [freshwater], 4.1% vs 1.5%; human tox-
icity [non-cancer], 2% vs 1.2%); Köln (Germany), 
2.93%; Brandenburg (Germany), 2.45%; Śląskie 
(Poland), 2.18% and Severozápad (Czechia), 2.01%. 
In these five regions, the energy sector has by far 
the highest impact, all of them showing values 
above 50% going above average (59.5%) in four of 
them (Düsseldorf, 66.53%; Köln, 87.54%; Branden-
burg, 87.92%; Severozápad, 83.45%). The impacts 
of the production and processing of metal sector are 
significant in Düsseldorf (20.61% vs 11.4% of the 
average value), while in the Śląskie region, the min-
eral industry (18% vs 9.3%) and intensive livestock 
production and aquaculture (7.37% vs 2.7%) stand 
out.

Without a doubt, these impacts are related to the 
economic structure of the regions. For example, 
the German regions of Düsseldorf and Köln have a 
high level of economic development, with per capita 
incomes in 2022 of 119% and 121% of the EU27 
average, respectively (Eurostat, 2024). Furthermore, 
both are located in the state of North Rhine-West-
phalia, in the west of the country, known for its high 
industrialisation. It is also a state historically linked 
to coal mining, along with other regions in the east of 
the country, such as Brandenburg. In fact, Germany 
is a country heavily dependent on fossil fuels, with 
77.6% of primary energy consumption coming from 
fossil sources in 2023 (AG Energiebilanzen – Work-
ing Group on Energy Balances, 2024). Although coal 
has a decreasing relative weight, it still accounts for 
17% of primary energy consumption, while industry 
accounts for 28% (ibid.). In fact, the state of North 
Rhine-Westphalia aims to be a national leader in the 
reduction of coal use by 2029 (Ministry of Economic 
Affairs, 2024). The performance of these regions 
in any case reflects the fact that the energy sector is 
strongly linked to climate change, as also reported in 
other works (Erhart & Erhart, 2023). In fact, the most 
important finding of our analysis is that the energy 
sector is the largest generator of impacts (59.5%), 
among which the climate change category is the larg-
est (68.6%) contributor to the total impact.
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The analysis of results has also validated the rel-
evance and usefulness of Amalur EIS, consolidat-
ing this EIS as a comprehensive, multidimensional 
and user-friendly tool. Amalur EIS provides wide 
geographical coverage, as it includes the European 
countries reporting emissions to E-PRTR, and also 
provides disaggregated information at regional level 
and by exact location of the installations. Moreover, 
Amalur EIS’ LCIA methods provide extensive cover-
age of reported emissions, reaching 92% effectiveness 
of pollutants registered in the E-PRTR. It currently 
contains data for the period 2007–2021 but may be 
updated in the future as the European Industrial Emis-
sions portal makes more E-PRTR data available. The 
Amalur EIS website (https:// www. amalur- eis. eus/) 
will make its data and derived environmental impacts 
easily accessible to everyone.

Unlike Amalur EIS, other software does not 
include LCIA methods for EI quantification (Dios 
et al., 2014; Overberg et al., 2023), and where LCIA 
methods are included (Erhart & Erhart, 2023; Sörme 
et al., 2016) they are more limited than Amalur EIS, 
which offers 18 LCIA methods (31 in fact, if we take 
into account the different versions of several of them). 
Applying multiple methods allows for cross-valida-
tion, enhancing the robustness of results and identify-
ing areas that may require additional analysis. It also 
offers the opportunity to estimate numerous environ-
mental impacts beyond the well-known and exten-
sively used climate change impact category. Although 
this category is truly relevant (68.6% of total EF 
3.0 normalised and weighted impacts of the whole 
E-PRTR) and the most prominent on the international 
environmental agenda today, tools such as Amalur 
EIS underline the relevance of others, such as acidi-
fication (7.5% of total impact), particulate matter 
(6.4%), eutrophications (6.3%) and human toxicities 
(5.4%). Many other impacts resulting from human 
activity are thus highlighted, the detailed informa-
tion of which is very valuable for a multidimensional 
and integrated interpretation of sustainability. From a 
decision-making perspective, it can ultimately help to 
raise the importance of some environmental impacts 
that may not be as high on the public agenda.

The E-PRTR database is a well-founded informa-
tion source, which has been improved over the years. 
However, the Amalur EIS construction process has 
revealed some opportunities for improvement. As 
noted, when analysing top releases, reporting data 

quality errors have been detected. This is consistent 
with other authors’ conclusions (Dios et  al., 2014; 
Erhart & Erhart, 2023; European Environmental 
Agency, 2024; Fikru, 2011) so correcting these errors 
and limiting future ones as much as possible would 
contribute to a more consistent E-PRTR database.

Beyond the data provided by E-PRTR, the EI 
information provided by Amalur EIS is relevant, both 
from the point of view of access to public information 
and for public decision-making. The importance of 
public access to environmental information was rec-
ognised by the United Nations Conference on Envi-
ronment and Development (UNCED) in 1992 (United 
Nations, 1992) through Agenda 21 (UNCED, 1992) 
and Principle 10, which emphasises environmen-
tal information and public participation in decision-
making. Again, we must underline the importance of 
E-PRTR in terms of public access to information on 
environmental pollution, and, in the same vein, the 
value of knowing the environmental impacts linked 
to such emissions as a step forward. Amalur EIS 
may also help strengthen the reputation of companies 
along the same lines as the E-PRTR does (Cañón-
de-Francia et  al., 2008; Fikru, 2011). Additionally, 
Amalur EIS could also be useful in the public policy 
arena. It would contribute to more effective environ-
mental policy, as it can identify diverse environmen-
tal impacts by geographical locations, types of emis-
sions and sectors of industrial activity, among others. 
As a decision support tool at national or regional 
level, it also provides complementary information 
to sectoral environmental information systems (e.g. 
Cifrian et al., 2015).

Despite the extensive analytical scope of Amalur 
EIS, it is believed that the software could be comple-
mented in the future to amplify its potential. Actu-
ally, the calculation of environmental impacts from 
diffuse air releases for year 2008 has been already 
implemented into our EIS software, although results 
will be analysed in a future publication. The inclusion 
of both socio-economic and demographic data is also 
foreseen. This information could consist of indicators 
such as population density, per capita income, income 
distribution inequality, industrial value added and 
industrial employment and productivity by activity 
sector at the European regional level. Finally, there 
is also the intention to add geographically located 
health-related data for cross-checking with impacts 
provided by Amalur EIS in the area of protection 

https://www.amalur-eis.eus/
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of human health. The ReCiPe 2016 Endpoint (I) 
method, for example, provides an impact in human 
health of 2.77 million DALY for the whole E-PRTR 
record (geographical distributions are also available; 
total results are shown in Figure  SM6, where once 
again the energy sector is dominant, with 63.0% of 
total impacts). Furthermore, the EPS 2015dx method 
incorporates impact categories in relation to specific 
diseases, such as asthma cases (Amalur EIS provides 
an impact estimation of 280 thousand person·year for 
the 2007–2021 period derived from the activity of the 
E-PRTR facilities), diarrhoea (impact of 511 thou-
sand person·year) or YOLL (years of life lost, with 
an impact of 23.7 million person·year). Figure  SM9 
“Activity sector impacts (person·year) in EPS 2015dx 
categories”, provided in the Supplementary Material, 
shows activity sector impacts in these and other EPS 
2015dx categories. These areas of further improve-
ment do not, however, detract from the functionality 
and analytical capacity of all data currently available 
on the Amalur EIS website.

In terms of empirical development and future 
research, we believe that Amalur EIS may contribute to 
progress in three areas, at the very least. Firstly, Amalur 
EIS can contribute to the evaluation of surpassing cer-
tain planetary boundary thresholds, in line with specific 
guidelines provided by the LCA framework (Sala et al., 
2016). Thanks to its nature, it could be particularly 
helpful in the quantification of impacts linked to Novel 
Entities, a boundary whose “impacts on Earth system 
as a whole remain largely unstudied” (Richardson et al., 
2023). Secondly, it is a useful tool for advancing in the 
field of environmental justice and ecological distribu-
tion conflicts. Amalur EIS’ ability to geographically 
locate environmental impacts and associate them with 
certain activity sectors is valuable in this regard. Indeed, 
in the search for justice, facilities and/or economic 
activities that cause pollution are opposed by local peo-
ple and civil society actors for their environmental and 
human health impacts (Temper et al., 2015). The infor-
mation provided by Amalur EIS in terms of geographi-
cally located environmental impacts could contribute 
to transparency in such conflicts, as it relates industrial 
metabolism with impacts generated. Finally, the analy-
ses provided by Amalur EIS can also be complemented 
with other types of socio-economic and demographic 
variables at the regional level. This combination of 
variables offers the opportunity to expand the field of 
action towards the integration of economic, health and 

environmental inequalities at the European level. This 
is a line of work that has been conducted thus far using 
information from the E-PRTR (Fernández-Navarro 
et  al., 2017; Neier, 2021; Rüttenauer, 2018) and can 
now be extended with the help of Amalur EIS. In the 
same vein, other global emission registries could also 
be easily incorporated into this EIS (e.g. US TRI, Cana-
dian NPRI, Mexican RETC, Australian NPI).

In conclusion, the main aim of Amalur EIS is to 
make all its data available to the academic community, 
policymakers, businesses and civil society. Its potential 
in terms of calculating industrial sectors’ environmental 
impacts is enormous, which we believe makes it a very 
valuable tool for the transition towards sustainability, 
particularly given the challenges faced by Europe at this 
time.
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