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Executive summary  

The ‘overall impact (resource) indicators’ set aims at monitoring the environmental impacts of the 

European Union (EU) and its Member States. Such indicators are developed within the life cycle indicators 

framework (EC-JRC, 2012a), which aims to assess the environmental impact of the European consumption, 

production and waste management, including impacts that relate to European demand for goods and services 

produced outside of the European Union. 

The overall impact (resource) indicators set adopts a ‘full consumption perspective’ by accounting for all the 

emissions and resource extraction taking place within EU, adding the impacts associated to imports and 

subtracting those associated to exports. Therefore it can be considered a macro-scale assessment based on Life 

Cycle Assessment (LCA) and compliant with ILCD and Product Environmental Footprint (PEF) requirements for 

what concerns nomenclature and environmental impact assessment. The present report covers EU27 for the 

period 2000 – 2010, for all the accounting perspectives – i.e. domestic, import, export and apparent consumption, 

by means of the development of a domestic inventory and a trade inventory.  

In this document the indicators’ accounting perspective(s), methodologies and results are presented along with a 

general introduction on LCA phases, with special focus on Life Cycle Impact Assessment (LCIA) as well as the 

policy context relevant for these indicators. The key methodological choices and assumptions in the calculation 

of the indicators have been documented and discussed. The robustness of the results was assessed by 

comparison with similar datasets available in LCA and EEIOT literature. The framework of life cycle indicators is 

also commented and positioned in relation to other accounting tools (DMC and DPSIR), in order to highlight both 

advantages and limitations of the methodology.  

The domestic inventory has been calculated for each of the EU27 countries, whereas the trade component 

currently covers 10 EU27 countries. The results allow to identify trends over time and across member states for 

each of the ILCD recommended environmental impact categories. A synoptic figure illustrating trends over time 

for the EU27 for the domestic component is reported below (Figure 0.1). 

Table 0.1 reports the relative change of the environmental impact levels in the period 2000 to 2010 for each 

member state and each impact category. Overall, for the domestic, the impact is decreasing to various 

extents in all impact categories except land use and water resource depletion. Taking into consideration 

an increase of population and GDP, this could indicate absolute decoupling. The trade component shows an 

unclear picture and is presented and discussed in the document, along with the contribution analysis to the 

domestic impacts by key pollutants.  

The domestic component, especially for the part relying on officially reported data, provides a robust overview of 

trends of impacts. The trade component, based on different underpinning methodology (process based LCA of 

selected representative products) is more sensitive to modelling choices and needs further methodological 

development and wider number of products assessed, in order to be adopted in policy support context. 

The current report benefitted of the discussion on the framework for assessing the impacts during the expert 

workshop held in Ranco, 29-30th September 2014.  

Notwithstanding current limitation, it has been recognised that the current methodology provides a wider 

coverage of the impacts, if compared with other methodological approaches at macro- scale (e.g. Input –Output 

based accounting). A preliminary comparison with those approaches has been carried out, as a first step toward 

defining a possible complementary methodology for macro-scale assessment.  
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Table 1 Relative change observed between year 2000 and 2010 for the domestic component, by impact indicator, 

with the addition of Gross Domestic Product and demography. Relative changes of more than 10 times increase 

had been labelled as outliers ‘outl’ in the table, not available data are reported as ‘na’. 
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Figure 1 Domestic impacts based on life cycle impact assessment indicators, for the EU27, time-series 2000-

2010 
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Glossary 

Definiendum Definition 

Apparent consumption The impacts associated with the imported products are summed to the impacts taking place within 
the EU27 boundaries, minus the impacts associated to the exported products. APPARENT 
CONSUMPTION = IMPORTS + DOMESTIC – EXPORTS 

Area of protection 

(AOP) 

A cluster of category endpoints of recognisable value to society, viz. human health, natural 
resources, natural environment and sometimes man-made environment (Guinée et al., 2002) 

Background system The background system comprises those processes that are not under the direct control or decisive 
influence of the producer of the good 

Bottom-up inventory It refers to a technique for modelling inventories. Elements of level n-1 are used to model a system 
of level n e.g. LCIs of some representative products (level n-1) in import are up-scaled so to quantify 
the LCI of the overall import in one country (level n) 

Cause-effect chain or environmental mechanism. System of physical, chemical and biological processes for a given 
impact category, linking the life cycle inventory analysis result to the common unit of the category 
indicator (ISO 14040) by means of a characterisation model. 

Characterisation A step of the Impact assessment, in which the environmental interventions assigned qualitatively 
to a specific impact category (in classification) are quantified in terms of a common unit for that 
category, allowing aggregation into one figure of the indicator result (Guinée et al., 2002) 

Characterisation 

factor 

Factor derived from a characterisation model which is applied to convert an assigned life cycle 
inventory analysis result to the common unit of the impact category indicator (ISO 14040) 

Characterisation 

methodology, 

methods, models and 

factors  

Throughout this document an “LCIA methodology” refers to a collection of individual characterisation 
“methods” or characterisation “models”, which together address the different impact categories, 
which are covered by the methodology. “Method” is thus the individual characterisation model while 
“methodology” is the collection of methods. The characterisation factor is, thus, the factor derived 
from characterisation model which is applied to convert an assigned life cycle inventory result to 
the common unit of the category indicator. 

 
Classification A step of Impact assessment, in which environmental interventions are assigned to predefined 

impact categories on a purely qualitative basis (Guinée et al 2002) 

Cradle-to-gate Cradle-to-gate is an assessment of a partial product life cycle from resource extraction (cradle) to 
the factory gate (i.e., before it is transported to the consumer) 

Domestic inventory 

 

Inventory of emissions to air, soil and water and resource extraction which takes place within 
boundaries of a country (or territory) 

Domestic Material 

Consumption (DMC) 

Environmental accounting tool that covers flows of resources by accounting for their mass, adopting 
the ‘apparent consumption’ perspective. Products in import and export do not take into account 
materials used in their production.  

DPSIR Driving forces – Pressure – State – Impacts – Responses. It is a conceptual framework for 
environmental reporting developed by EEA 

Elementary flow Material or energy entering the system being studied that has been drawn from the environment 
without previous human transformation (e.g. timber, water, iron ore, coal), or material or energy 
leaving the system being studied that is released into the environment without subsequent human 
transformation (e.g. CO2 or noise emissions, wastes discarded in nature) (ISO 14040) 

Endpoint 

method/model  

The category endpoint is an attribute or aspect of natural environment, human health, or resources, 
identifying an environmental issue giving cause for concern (ISO 14040). Hence, endpoint method 
(or damage approach)/model) is a characterisation method/model that provides indicators at the 
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Definiendum Definition 

level of Areas of Protection (natural environment's ecosystems, human health, resource availability) 
or at a level close to the Areas of Protection level.  

Environmental impact  A consequence of an environmental intervention in the environment system (Guinée et al 2002). 
Potential impact on the natural environment, human health or the depletion of natural resources, 
caused by the interventions between the technosphere and the ecosphere as covered by LCA (e.g. 
emissions, resource extraction, land use). 

Environmental 

intervention 

A human intervention in the environment, either physical, chemical or biological; in particular 
resource extraction, emissions (incl. noise and heat) and land use; the term is thus broader than 
“elementary flow” (Guinée et al 2002) 

Environmental profile The result of the characterisation step showing the indicator results for all the predefined impact 
categories, supplemented by any other relevant information (Guinée et al 2002) 

Environmentally 

Extended Input Output 

Table (EEIOT) 

It is a top-down modelling technique which allocates environmental burdens to final demand 
categories. It builds on economic Input-Output Tables and environmental accounting extensions 
(sector-specific emissions and resource consumption). 

Final consumption Final consumption is expenditures of households or community for goods and services.  

Foreground system The foreground system is defined as those processes of the system that are specific to it. 

Impact category Class representing environmental issue of concern (ISO 14040). E.g. Climate change, Acidification, 
Ecotoxicity etc.  

Impact category 

indicator  

Quantifiable representation of an impact category (ISO 14040). E.g. kg CO2-equivalents for climate 
change. 

Life cycle impact 

assessment (LCIA) 

"Phase of life cycle assessment involving the compilation and quantification of inputs and outputs 
for a given product system throughout its life cycle." (ISO 14040) The third phase of an LCA, 
concerned with understanding and evaluating the magnitude and significance of the potential 
environmental impacts of the product system(s) under study. 

Midpoint method and 

midpoint indicator 

The midpoint method is a characterization method that provides indicators for comparison of 
environmental interventions at a level of cause-effect chain between emissions/resource 
consumption and the endpoint level. 

Multi-Regional Input 

Output Table (MRIOT) 

 

It is a top-down modelling technique which allocates environmental burdens to final demand 
categories on the basis of bilateral trade data among countries (or regions). It builds on economic 
Input-Output Tables accounting and environmental accounting extensions (sector-specific emissions 
and resource consumption). 

Life cycle inventory 

(LCI) data set 

Data set with the inventory of a process or system. Can be both unit process and LCI results and 
variants of these. 

Life-Cycle-Thinking Life Cycle Thinking (LCT) is about going beyond the traditional focus and production site and 
manufacturing processes to include environmental, social and economic impacts of a product over 
its entire life cycle. 

Macro-scale LCA Life cycle assessment of systems with large geographical scale, such as nations, regions, etc. 

Overall environmental 

impact  

Total of impacts on human health, natural environment and resource depletion for the considered 
impact categories.  

It can be calculated either as normalised and weighted overall LCIA results of the analysed process 
/ system, or assuming an even weighting across impacts, i.e. for each and any of the impact 
categories.  

Process Life Cycle 

Assessment (p-LCA) 

It refers to an LCA analysis based on inventories referring to processes. Often used to differentiate 
between LCA studies based on EEIOT inventories. 

Raw Material 

equivalent 

Consumption (RMC) 

Environmental accounting tool that covers flows of resources by accounting for their mass, adopting 
the ‘apparent consumption’ perspective. On the contrary to DMC, products in import and export do 
take into account materials used in their production. 

Representative 

products 

Products which well represents average properties of some particular product groups.  

Sensitivity analysis A systematic procedure for estimating the effects of choices made regarding methods and data on 
the outcome of the study (ISO 14044). 

System and system 

boundaries 

The system boundaries define which parts of the life cycle and which processes belong to the 
analysed system, i.e. are required for providing its function as defined by its functional unit. They 
hence separate the analysed system from the rest of the technosphere as well as to the ecosphere. 

Top-down inventory It refers to a technique for modelling inventories. Elements of level n are allocated so to model a 
system of level n-1 e.g. emissions of CO2 associated to economic sectors (level n) are allocated by 
means of mass or economic value and expenditure statistics so to quantify the emissions associated 
to products (level n-1) purchased by consumers. 

Trade inventory 

 

Inventory of emissions to air, soil and water and resource extraction which are associated with the 
supply chain of imported and exported products. The inventories of such products have a cradle-to-
gate system boundary. 
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Definiendum Definition 

Unit process  Smallest element considered in the life cycle inventory analysis for which input and output data are 
quantified. (ISO 14040) 

In practice of LCA, both physically not further separable processes (such as unit operations in 
production plants) and also whole production sites are covered under "unit process". See also "Unit 
process, black box", "Unit process, single operation", and "System".  

Abbreviations 

Abbreviation Full name 

ACID Acidification 

ADPENERGY Resource Depletion – energy carriers 

ADPMINMET  Resource Depletion – mineral, fossil & renewable 

AoP Area of Protection 

CF Characterisation Factors 

DPSIR Determinant Pressures State Impact Responses 

ECOTOX Ecotoxicity for aquatic fresh water 

EEIOT Environmentally Extended Input Output Table 

ELCD European Reference Life Cycle Data system 

EP-FRSW Eutrophication – aquatic, freshwater  

EPLCA European Platform on Life Cycle Assessment 

EP-MARINE Eutrophication – aquatic, marine 

EPTERR Eutrophication – terrestrial 

GWP  Global Warming Potential 

HUM-TOXCANC  Human Toxicity -  cancer effects 

HUM-TOXNCANC  Human Toxicity – non-cancer effects 

ILCD International Life Cycle Data system 

IRHH  Ionising Radiation – human health effects 

LCI Life Cycle Inventory 

LCIA Life Cycle Impact Assessment 

LU  Land Use 

MRIOT Multi-Regional Input Output Table 

ODP  Ozone Depletion Potential 

OEF Organization environmental footprint 

PEF Product environmental footprint 

p-LCA Process Life Cycle Assessment 
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1  Introduction 

The objective of this deliverable is to provide indicators on ‘overall environmental impact’ associated to EU27 and 

Member States economies. In this section a general introduction to the LCA concepts and methodologies is 

presented, with particular focus on the steps underlying the impact assessment phase of LCA (LCIA), which is at 

the core of the life cycle indicators. In addition, the general structure of the ‘Life cycle indicators framework for 

resources, products and waste’ is presented along with its policy background, as the methodology for the 

calculation of the ‘Overall impact (resource) indicators’ builds on it. The complete methodological foundation of 

the ‘Overall impact (resource) indicators’ is provided in Chapter 2. 

1.1 Life Cycle Assessment 

1.1.1 General introduction to LCA 

Life Cycle Assessment (LCA), according to the most general definition (Guinée et al. 2002), is a methodology for 

integrated impact assessment in which the (environmental) burdens associated to the whole life cycle of products 

are quantified. Such impacts refer to a wide range of categories, the so-called impact categories, ranging, for 

instance, from climate change to resource depletion. The environmental impacts are the consequences of a 

human intervention on the environment, either physical, chemical or biological, such as resource extraction, 

emissions (incl. noise and heat) and land use (Guinée et al. 2002). Both the materials and energy entering the 

system being studied (regardless of its nature: products, services, countries) that has been drawn from the 

environment without previous human transformation (e.g. timber, water, iron ore, coal) and the materials or 

energy leaving the system being studied that is released into the environment without subsequent human 

transformation (e.g. CO2 or noise emissions, wastes discarded in nature) are called “elementary flows” (ISO 14040). 

Elementary flows might be input or output of the processes and activities associated to raw material extraction, 

manufacturing, transport, retailing, up to end of life.  

 
Figure 1 Schematic representation of LCA, from resources to emissions and impacts, along the life cycle 

stages (from EC-JRC, 2010a)  

As described in ISO 14040, “LCA is based on four steps: (i) goals and scope definition- in which system boundaries 

and unit of the analysis are set; (ii) life cycle inventory- the collection of all elementary flows of input and output 

from and to the system in terms of resource used and emission; (iii) life cycle impact assessment- the assessment 

of the impact associated to the flows in the inventory, covering a wide variety of environmental impact categories 

( e.g. climate change, ecotoxicity, eutrophication etc.); and (iv) interpretation”. 
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BOX 1. THE PHASES OF AN LCA (FROM ILCD HANDBOOK AND ADAPTED FROM ISO14044) 

 

 
Figure B.1 The phases of LCA according to ISO14040 - ISO14044 and ILCD 

 

GOAL AND SCOPE DEFINITION 
The goal definition includes identifying the objectives of the study (including the decision context, the 
intended applications and the intended audience) and the system boundaries (i.e. the system to be studied, 
the functions of the system and the functional unit, the life cycle stages covered, the environmental impacts 
to be investigated, the interpretation approaches to be used, the assumptions made about data and 
methods, etc.). 

INVENTORY ANALYSIS (LCI) 
In this phase the inputs and outputs for each process in the life cycle are accounted for. They are then 
summed across the whole system. This include the collection of data on resource use and emissions for the 
‘foreground’ process steps (e.g. manufacturing and packaging of a product) and the use of ‘background’ life 
cycle data (dataset on electricity and materials purchased or on downstream processes such as recycling). 

IMPACT ASSESSMENT (LCIA) 
In this phase the inputs and outputs of elementary flows that have been collected and reported in the 
inventory are translated into impact indicators. This is done by classifying emissions into impact categories 
and characterising to common impact units to make them comparable (e.g. CO2 and CH4 emissions can be 
both expressed as CO2-equivalent emissions by using their global warming potentials – see Box 2 below). 
Most common life cycle impact categories are: e.g. climate change, acidification, human health, aquatic eco-
toxicity, resource-depletion, land use, etc. 

INTERPRETATION 

Is carried out on the basis of the LCI and LCIA results, it includes completeness, sensitivity and consistency 
checks. Uncertainty and accuracy of the results are addressed in this phase. 

1.1.2 Typologies of LCA studies 

As introduced in the ILCD Handbook (EC-JRC, 2010a), LCA can also be applied to decision context different than 

products or services, such as countries, for providing a descriptive accounting of the impacts associated with the 

production and/or consumption activities taking place in the territory (see Box 2, Situation C). As recently stated 

in Science by Hellweg and Milà i Canals (2014) LCA was historically focussed on products but its application has 

expanded lately, leading to four different types of LCAs, namely: i) Original product-based scope: ii) Organizational 

company LCA; iii) Consumer LCA (analysing consumption patterns and lifestyles); iv) National-level assessments. 

While the typical use of LCA has been to assess product performances, its current application is now much 

broader, as companies are using this tool to map key drivers of impact in their production systems and, in the 

area of sustainable consumption and production, “top-down” studies at national and sectoral scales help to 
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highlighting most impacting components of consumption and production patterns (Hellweg and Milà i Canals, 

2014). Each of these LCA typologies has a different system boundary, as well as focus, accordingly to the 

objective of the analysis. However, all the phases of LCA (e.g. extraction of raw materials, production, use and 

end of life) are generally covered, although the focus can vary significantly among the typologies (e.g. higher 

focus on production for Organizational LCA).  

BOX 2. TYPOLOGIES OF LCA ACCORDING TO THE ILCD HANDBOOK 

According to the ILCD (EC-JRC, 2010a) LCA can be applied to three different decision-contexts: 
Situation A - "Micro-level decision support", Situation B - "Meso/macro-level decision support", 
Situation C - "Accounting".  They differ in two aspects: regarding the question whether the LCI/LCA 
study is to be used to support a decision on the analysed system (e.g. product or strategy) and in 
the interaction of the depicted system with other systems, as depicted in the figure below.  

 

Typically, the Situation A refers to LCA studies of single products (or services) whose share on the 
total production is limited and, hence, it can be reasonably expected to cause none or only small 
changes in the background system or other systems of the economy that would not directly or 
indirectly structurally change it. A typical example can be the LCA of an electric device. 
 
The Situation B refers to LCA studies which look at changes with structural market implications beyond 
the foreground-system. This situation covers scenarios addressing questions like “Which pervasive 
technology system, raw material base, etc. is environmentally preferable over its life cycle?” Such studies 
are typically strategic political studies or LCA-supported strategic research studies. 
 
The Situation C refers to LCA studies that are purely descriptive accounting / documentation of the 

analysed system (e.g. a product, need fulfilment, sector, country, etc.) of the past, present or forecasted 
future, and without implying a decision-context that would account for potential additional consequences 
on other systems. 

1.1.3 Standardisation of LCA 

LCA is formally defined at the international level by the ISO 14040 and ISO 14044 standards. As reported in 

(Hellweg and Milà i Canals, 2014) recent policy initiatives, such as the International Reference Life Cycle Data 

System (ILCD) (EC-JRC, 2010a; Wolf et al., 2012), the Product and Organization Environmental Footprint(s) (PEF 

and OEF) (EC, 2013a; 2013b), as well as the French initiative on environmental information of mass market 

products (Cros et al., 2010), have been recently developed by the European Commission and the French 

Government, respectively, with the aim of generalizing the life-cycle approach in all consumption sectors, via 

harmonization of life-cycle information.  

In fact, the International Reference Life Cycle Data System Handbook further specifies the broader provision of 

the ISO 14040 and 14044 standards on LCA. In a nutshell it provides a basis for consistent, robust and quality-

assured environmental LCA studies, to better serve markets and policy-making. Whereas, the Environmental 

Footprint (product or organizations) builds on the harmonization process put in place by the ILCD with the aim of 

defining best practices in LCIA as well as defining a coherent formatting structure that could allow for 

comparability in the results of LCA studies (see also figure 2 below). In particular, for what concerns the phase 



14 

 

of life cycle impact assessment, the ILCD recommendation on LCIA impact categories and indicators (EC-JRC, 

2011; Sala et al., 2012) are the basis on which impacts will be displayed in product labelling. 

 
Figure 2 The role of ILCD Handbook towards harmonization ad standardization (picture from Wolf et al., 2012) 

BOX 3. LIFE CYCLE IMPACT ASSESSMENT 

The total environmental impact, according to LCA methodologies, is assessed in two steps. Firstly, a life 
cycle inventory (i.e. the inventory of all the human interventions associated with the object of study) is built 
and secondly, each of the elementary flows (i.e. the environmental interventions caused by human activities, 
either emissions or resource extraction) composing the inventory is characterised for each of the impact 
categories included in the impact assessment step. The multiplication between the actual flow (e.g. 1 tons 
of CH4) and its characterization factor for a specific impact category (e.g. global warming potential, CF of 
CH4 is 25 CO2 eq.) gives the mid-point indicator value associated with the emission (CH4), for the impact 
category (e.g. 1 tons CH4 ∙ 25 GWPCH4/ GWPCO2 = 25 tons of CO2 eq.), as reported in the equation below, where 
ICj stands for Impact Category j-th, mi stands for the actual amount of emitted substance and CFij stands 
for the Characterisation Factor of the i-th flow, for the j-th Impact Category. 

 

EQ. 1   𝑰𝑪𝒋 = ∑ 𝒎𝒊 ∙ 𝑪𝑭𝒊𝒋
𝒏
𝒊  

LCIA results of the individual impact categories are typically expressed as equivalent values if this is a 
midpoint level indicator (e.g. kg CO2-equivalents for the Global Warming Potential GWP) or damage values 
for endpoint level indicators (e.g. DALYs for Human health, PDF*m2*a for Natural environment / Species 
diversity impacts). Note that the formal measurement units of the above three examples are kg, a, and 
m2*a, respectively, while for better communication the initially named expressions are most widely used.  
 
CAUSE-EFFECT CHAIN 
The cause-effect chain is the environmental mechanism underlying an impact. For instance, emissions of 
toxic substances to air are translated into potential damage to humans according to fate and transport 
models as well as the exposure of the receptor to a given pollutant.  
MIDPOINT VS. ENDPOINT 
In LCA different typologies of impact indicators can be calculated: midpoint and endpoint. According to Bare 
et al. (2000) “Midpoints are considered to be links in the cause-effect chain (environmental mechanism) 

of an impact category, prior to the endpoints, at which characterization factors or indicators can be derived 
to reflect the relative importance of emissions or extractions. Common examples of midpoint 
characterization factors include ozone depletion potentials, global warming potentials, and photochemical 
ozone (smog) creation potentials. Recently, however, some methodologies have adopted characterization 
factors at an endpoint level in the cause-effect chain for all categories of impact (e.g., human health impacts 

in terms of disability adjusted life years for carcinogenicity, climate change, ozone depletion, photochemical 
ozone creation; or impacts in terms of changes in biodiversity, etc.)” . 
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1.2 The life cycle indicators for resources, products and waste – framework 
The methodology applied for calculating the ‘overall impact indicators’ builds on the framework developed by the 

EC-JRC (2012a) on life cycle-based indicators. The general framework, along with the policy background and the 

policy answers that such indicators can provide, is introduced below. 

1.2.1 Policy background 

As reported by the EC-JRC within the technical report in which the ‘general framework for the life cycle 

indicators for resources, products and waste’ is described (EC-JRC, 2012a), this set of indicators was initially 

developed to respond to the policy need of measuring and monitoring progress towards sustainable 

development and resource efficiency, as stated in the Thematic Strategy on the sustainable use of natural 

resources (EC, 2005a). It serves well also the more recent Europe 2020 strategy (EC, 2010), its flagship 

initiative A resource-efficient Europe (EC, 2011a) as well as the communication on Circular Economy (EC, 2014). 

Moreover, this set of indicators, including resource accounting and related impact assessment, is perfectly in 

line with the development of “….methodologies for measuring and benchmarking the efficiency of land, carbon, 

water and material use by 2015 and assessing the appropriateness of the inclusion of a lead indicator and 

targets” as foreseen in the 7th Environment Action Programme (EC, 2013c). 

This set of indicators adopts an integrated view (Life Cycle Thinking - LCT)of the links between consumption 

and production, as well as the resource use, environmental impacts and waste generation, and is, hence, 

relevant in monitoring progress towards the goals set by the flagship initiative (i.e. decoupling economic growth 

from the use of resources, supporting the shift towards a low carbon economy, increasing the use of renewable 

energy sources, modernising transport sector and promoting energy efficiency).  

1.2.2 Life cycle based indicators’ framework - methodology 

The ‘Life cycle indicators’ are based on life cycle assessment (LCA) methodologies and aim to monitor the 

environmental impacts associated with European production,  consumption and waste management, by including 

also impacts from trade (imports and exports).  

These indicators are based on the Life-Cycle-Thinking approach, which seeks to identify possible improvements 

to goods and services (products) by lowering their environmental impacts and reducing the use of resources 

across all life cycle stages. This means that the indicators account, in principle, for all the life cycle stages 

(production, use and end-of-life). In order to address such need, three sets of indicators were developed: ‘resource 

efficiency’ (EC-JRC, 2012b), ‘basket-of-products’ (EC-JRC, 2012c) and ‘waste management’ (EC-JRC, 2012d), each 

of them addressing a different set of policy questions. Each of the indicators set is meant to be a monitoring 

tool, which serves the purpose of tracking environmental performance over time. A brief description of these sets, 

along with their specific scope and policy relevance, is reported in table 1. A prototype of the three sets of 

indicators was calculated at the level of the EU1 and a selected member state (Germany), covering the period 

2004-2006. This has proved the theoretical and practical feasibility of the proposed methodologyand the 

conclusions of the analysis have identified the need for better statistics, a wider coverage of products was 

underlined for improving its robustness and representativeness. 

 

 

 

 

                                                        
1 EU27 at the time of the analysis 
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Table 1 Scope and policies addressed by life cycle indicators (EC-JRC, 2012a, b, c, d) 

Indicators Description Scope Decision context* Policy 

Resource 

indicators 

The environmental 
impacts of ‘apparent 
consumption’ related to 
the EU27 economy are 
assessed by combining 
trade statistics, life cycle 
inventories and domestic 
inventories on emissions 
and resources extraction 

- Assessing the 
environmental impacts of 
the EU-27 and of each 
Member State linked to the 
resource consumption and 
related emissions to the 
environment 
 
- Assessing the efficiency 
of the use of natural 
resources 
 
- Assessing the degree of 
decoupling of 
environmental impacts 
from economic growth 

C – Accounting focus 
on national 
performances 

Thematic strategy 
on the sustainable 
use of natural 
resources (EC, 
2005a) 
 
A resource-
efficient Europe – 
Flagship initiative 
of the Europe 
2020 Strategy (EC, 
2011a) 
 
Roadmap to a 
resource efficient 
Europe – (EC, 
2011b) 

Basket of 

products 

indicators 

The environmental 
impacts of the 
consumption pattern of a 
EU27 average citizen is 
assessed on the basis of 
LCI goods and services 
representative of key 
areas of consumption 

Assessing the 
environmental impacts 
related to the consumption 
of goods and services by an 
average EU (and MS) citizen 

C – Accounting focus 
on 
consumption/lifestyle 

Integrated Product 
Policy (EC, 2003) 

Waste 

management 

indicators 

The impact of waste 
management in EU27 is 
assessed through LCIA 
indicators on the basis of 
the analysis of the key 
waste streams and 
disposal statistics. 

Assessing the 
environmental impacts 
related to the management 
of the waste streams in EU 
and in each MS 

C – Accounting focus 
on sector-specific 
performances 

Thematic strategy 
on the prevention 
and recycling of 
waste (EC, 2005b) 

* The decision context is defined according to the ILCD Handbook (EC-JRC, 2010a) 

1.2.3 Life cycle based ‘resource indicators’ in brief 

The purpose of the ‘resource indicators’ is to track the overall environmental impacts of the European Union 

(currently limited to EU27) and ultimately of each Member State, while taking into account also the burdens 

associated with trade. In order to do so, three different accounting perspectives are adopted: domestic, trade and 

apparent consumption, as reported in Figure 3.  

 
Figure 3 Total environmental impact associated with EU27 apparent consumption (from EC - JRC, 2012a) 
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The ‘domestic’ perspective accounts for the impacts associated with emissions and resource extraction occurring 

within the system boundaries (Member States or EU), the ‘trade’ perspective accounts for the impacts associated 

with imports and exports to and from the EU, while according to ‘apparent consumption’2 perspective the impacts 

associated with the imported products are summed to the impacts related to the activities taking place in the EU 

domestic minus the impacts associated to the exported products. A set of 15 indicators of environmental impact 

used in the context of life cycle impact assessment (LCIA) and recommended by the ILCD (EC-JRC, 2011; Sala et 

al, 2012)3 is applied so to assess the environmental performance of EU and its member states. 

1.2.4 Life cycle based ‘resource indicators’ – policy questions 

The set of policy questions that can be answered through the use of the ‘Resource indicators’ is reported in table 

2, along with the relative limitations. The table, taken from EC-JRC (2012b), can be of help in guiding policy 

makers in understanding what kind of questions is this set of indicators able to answer.  

1.2.5 Positioning of national-level environmental LCA in relation to other 

methodologies and indicators 

Positioning this work in the context of other monitoring tools used by Eurostat as well as in the Resource efficient 

Europe flagship initiative is of fundamental importance to better understand its strengths and weaknesses as 

well as identifying its potential role as advanced monitoring tool of environmental impacts. 

Table 2 Policy questions and specific related indicators (from EC-JRC, 2012b) 

Policy question Related indicator Limitations/comment 

Are we reducing direct 
pressures on the environment 
(i.e. resource uses and 
emissions) within the EU-27? 

"Domestic pressure data": 

domestic data on single pressures, 
e.g. CO2 emissions, m2 built-up land, 
brown coal extraction, etc. 

Domestic data alone do not capture the whole 
picture as shifting of burdens abroad via trade is 
not included. 

Are we reducing pressures in 
the EU, but also beyond its 
borders (consideration of EU-
27 consumption)? 

"Overall net pressure data": 

overall data (including life cycle 
pressures of traded products) of the 
single pressures in terms of e.g. 
global land use, CO2 emissions, 
resource extractions, etc. 

Mass, energy, and space (m2) data of single 
pressures often need to be considered in the 
context of other factors (e.g. per capita, per 
GDP) in order to allow for valid comparisons; in 
some cases a track record of changes over time 
is essential for interpreting the results (e.g. land 
use). At the same time, the indicators of specific 
impacts need to be evaluated according to their 
relative contribution to the impact categories 
which may be relevant on a local, regional or 
global scale (e.g. contribution of NOx emissions 
to acidification, marine eutrophication, summer 
smog). 

Are we reducing the individual 
types of impacts on the 
environment (various effects 
such as climate change, 
acidification, land productivity, 
abiotic resource depletion and 
others) that occur due to 
pressures caused within the 
EU-27?  

"Domestic individual impact 
indicators": 

Results for the individual impact 
categories (e.g. climate change) 
based on all pressures that physically 
occur within the EU-27. 

Domestic data alone do not capture the whole 
picture, as the international shifting of burdens 
via trade is not included. 

Are we reducing the overall 
environmental impacts (i.e. 
the effect on the natural 

"Domestic aggregated impact 
indicators": integrated impact 
potential indicator (normalised and 

Domestic data alone do not capture the whole 
picture, as the international shifting of burdens 
via trade is not included. 

                                                        
2 The impacts associated with the imported products are summed to the impacts taking place within the EU27 boundaries, 
minus the impacts associated to the exported products. APPARENT CONSUMPTION = IMPORTS + TERRITORIAL - EXPORTS 
3 See Annex I for a full description of the LCIA indicators used in this study 
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Policy question Related indicator Limitations/comment 

environment, human health 
and future material, energy 
and land resource availability) 
due to pressures that are 
caused within the EU? 

weighted across impact categories), 
taking into account all pressures that 
physically occur in the EU-27. 

There are limitations in aggregating impact 
indicator results into one single score. 

Are we reducing the overall 
environmental impacts on the 
environment that are due to 
pressures related to EU-27 
consumption? 

"Resource impact indicators": 

Impact potential indicator 
(normalised and weighted across 
impact categories), taking into 
account all pressures, including life 
cycle pressures of traded products. 

Through the application of a weighting scheme 
and a method for aggregating results into one 
single score, uncertainties are introduced in 
connection with the indicator. 

Are we decoupling the EU-27’s 
economic growth from its use 
of natural resources (use of air, 
water and soil to absorb 
emissions, of material and 
energy resources to produce 
products, and of land use or 
land use change)? 

"Eco-efficiency indicator": 

GDP (or other economic indicator) 
divided by "Overall resource impact 
indicators" 

Scope-equivalence of GDP in comparison with 
overall net pressures to be checked; GNP or 
another economic figure may be better suited. 

What are the products and 
consumption clusters among 
the traded products that 
contribute most to the overall 
impacts, to the international 
shifting of burdens via trade, 
and what is the trend for 
them?  

"Product-wise and consumption-
cluster-wise break-down of the 
resource impact indicators of the 
traded products" 

This indicator complements the basket-of-
products indicator with trade-related 
information.4 

1.2.5.1 Domestic Material Consumption 

Domestic Material Consumption (DMC) is used as a denominator to derive the headline indicator for resource 

productivity, expressed as GDP/DMC in constant euro per kg, under key priority challenge of the Renewed EU 

Sustainable Development Strategy (EU, 2006) as well as under the Resource efficient Europe flagship. As reported 

in EC-JRC (2012a), “it is acknowledged that DMC is used as a proxy for the more relevant indicator, Total Material 

Consumption (TMC), which includes upstream hidden flows related to imports and exports of raw materials, 

finished and semi-manufactured products. The EU level TMC is still under development as only a few Member 

States5 are currently able to calculate it (EC, 2007).” Eurostat has also developed the Raw Material Equivalent 

(RME) indicator for domestic Raw Material Consumption (RMC) based on pilot studies in Germany and the Czech 

Republic (Schoer et al., 2012). While RMC is an improvement on DMC but—accounting for the used part of indirect 

material resource flows only—does not reach as far as TMC, as it leaves out the unused extraction which 

nevertheless impacts the environment.  Overall, the approaches mentioned above have several shortcomings, in 

particular with regard to capturing environmental impacts. As reported in EC-JRC (2012a), “one of the most 

significant downsides of indicators such as DMC, TMC and RME is that all materials are summed up into a single 

figure, without consideration for the fact that the mass of the material used is not the only determining factor with 

regard to the environmental impact of the given resource. These indicators are only rough proxies for measuring 

the overall environmental impact of resource use, as the different flows of materials, energy carriers and non-

energetic materials, and subsequent individual emissions (e.g. CO2, mercury, particles) all have very 

inhomogeneous specific impacts on the environment.” On the contrary, and in order to complement the 

                                                        
4 This question is answered by combining together the ‘resource indicators’ and the ‘Basket of products 
indicators’, which are not the subject of this deliverable 
5 TMC has been calculated for Germany, Italy, France, the Czech Republic, Denmark, Finland, the Netherlands, 
Spain, and the UK.  
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information provided by DMC, the ‘resource indicators’ have been developed with the specific purpose of 

assessing multiple dimensions of environmental impact and resource consumption. 

1.2.5.2 DPSIR framework 

As reported in EC-JRC (2012a), “the driving force-pressure-state-impact-response (DPSIR) concept provides a 

valuable framework for the classification of environmental indicators (UN 1996, EEA 1999, 2007) and is 

comparable to the indicator framework presented in this report. It distinguishes between: the drivers of 

environmental problems (e.g. combustive use of fossil fuels); resulting pressures on the environment (e.g. emission 

of acidifying substances); subsequent changes in the state of the environment (e.g. change in pH of forest soils); 

induced direct and indirect impacts (e.g. soil mineral mobilisation, decline in tree health and changed composition 

of vegetation); and the policy and management response of society (e.g. capping of relevant emissions). 

The indicators’ framework described in this report is based on the life cycle approach; therefore we use the LCA 

(Life Cycle Assessment) terminology. The link to the categories of the DPSIR framework may not always be 

straightforward, For instance, inventory of individual flows (resource extraction, emissions) translates to 

pressures in the DPSIR framework; impacts (in LCA termed midpoints) refer for example to “Climate change” as 

an impact category, with the indicator “radiative forcing of greenhouse gases grouped with Global Warming 

Potential factors”. Such midpoint impact categories in LCA approximate potential impacts on the environment, 

human health etc. Endpoint impact categories (human health, natural environment, etc.), on the other hand, 

closely correspond to “impacts” in DPSIR terms. The models behind LCA characterization factors consider 

potential changes in the state of the environment induced by pressures and thus make the link between 

the pressures and impact categories. The driver part of the DPSIR framework appears in the resource impact 

indicator framework when reference is made to economic activity in indicators, or when single flows (pressures) 

are inventoried for distinct product groups relevant to specific consumption clusters. The response part of the 

DPSIR framework is indirectly addressed by this indicator framework since monitoring the progress of 

environmental performance gives indications on the impact of policies (or of the absence thereof).” 

1.2.6 Environmentally Extended Input Output Tables (EEIOTs) and Multi-Regional 

Input Output Tables (MRIOTs) 

Environmentally Extended Input Output Tables (EEIOT) - Multi-Regional Input Output Tables (MRIOTs) and 

process-based LCA are the two classes of methodologies applicable for modelling trade exchanges. Both have 

limitations and advantages. The Overall impact (resource) indicators adopted a Process based LCA approach to 

the development of the trade component. As emerged from the literature review reported in Deliverables 1 and 

2 to this Administrative Arrangement (Dewulf et al., 2014), top-down LCA methods (EEIOTs and MRIOTs) are 

flawed by their limitation in covering the whole supply chain and life cycle phases. Moreover, the resolution is 

usually at the level of economic sectors (production) and group of products (consumption). Single products cannot 

be captured by this method, neither for production, nor for consumption. Single-region studies are indeed very 

limited in the ability to represent geographical differences and usually adopt the ‘domestic technology’ 

assumption, which, depending on the case, might lead to very different results than those of the multi-region. 

The hybrid methods (top-down and bottom-up) are more complete than top-down methods in terms of their 

coverage of life cycle stages, environmental impacts and resolution, as they combine the advantages of the two 

techniques. Despite of this, as in the case of top-down LCA, these methods are not as accurate as bottom-up 

methods when it comes to assess the impact of specific single products. This means that product-LCA studies 

are, in principle, more accurate in this sense. This depends on the fact that the goal of the analysis is different, 

in fact, in the case of product-LCA the goal is to assess the environmental burden of specific products, whereas 

in hybrid IO LCA methods the goal is to assess consumers’ or economies’ performance as a whole by means of 

expenditure statistics. Despite of this drawback, an interesting feature of these methods is the direct link with 

economic accounting and macro-economic modelling techniques. For instance, the hybrid multi-region methods 

could be potentially integrated in macro-economic modelling frameworks capable of simulating different 

alternative supply chains and consequent changes in environmental impacts of final consumption.  
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2  Overall impact (resource) indicators 

The overall impact (resource) indicators calculated in this work are based on the methodology developed for 

calculating the ‘resource indicators’ as part of the ‘life cycle indicators resources, products and waste - framework’ 

(see EC-JRC, 2012a). Hence, the terms ‘resource indicators’ and ‘overall impact indicators’ are used 

interchangeably as synonyms in the following sections as they refer to the same approach. 

2.1 Objective of the indicators 
As reported in the previous section, the overall impact (resource) indicators set adopts a ‘full consumption 

perspective’ by accounting for all the emissions and resource extractions taking place within EU, adding the 

impacts associated to imports and subtracting those associated to exports, so it can be considered a macro-scale 

environmental impact assessment based on LCA and compliant with ILCD nomenclature and recommended LCIA 

methods. In this work, an extension of the first release of the ‘resource indicators’ set (EC-JRC, 2012b) has been 

developed so to cover EU27 the period 2000 – 2010, for all the accounting perspectives – i.e. domestic, import, 

export and apparent consumption, by means of the development of a domestic inventory and a trade inventory. 

The domestic component has been calculated for each of the EU27 countries, whereas the trade component 

covers only 10 EU27 countries6. The results allow to identify trends over time and across member states for each 

of the ILCD recommended indicators of environmental impact. 

2.2 Methodology 
The Life Cycle Assessment (LCA) methodology has been used to calculate the resource indicators at the level of 

each of the Member States and aggregated at the EU27 scale, for each of the accounting perspectives described 

above. Overall, the methodology can be divided in 7 steps: 1. Definition of the system to be investigated and of 

the analytical framework; 2. development of the domestic inventory; 3. development of the trade inventory; 4. 

mapping the inventory dataset into the elementary flows compliant with the ILCD format; 5. calculation of the 

mid-point impact indicators; 6. Assessment of the robustness of the output; 7. Presentation of the results through 

a visualization tool, as described in table 3. As it is possible to see from it, the operational phases can be matched 

with the classical phases of LCA reported in the introduction, although the use of a robustness analysis approach 

as well as of a visualization tool are in general, not explicitly mentioned in the interpretation phase of LCA studies. 

The first step concerns the definition of the system boundaries and key assumptions underpinning the 

analysis. Here, the accounting perspective is defined along with the rules and assumptions governing it. The 

theoretical foundation of the methodology is detailed in EC-JRC (2012a, 2012b) and briefly summarized in this 

document in section 1.2. 

The steps from the 2nd to the 4th can be grouped together under the LCI phase, as they refer to the 
development of the inventories underlying the calculations, as well as to their mapping into the ILCD format. The 
two main outcomes of this step are the domestic inventory and the trade inventory, briefly described below. An 
in-depth explanation of the estimation methods underlying both the domestic and the trade inventory is provided 
in the following sections. 

 domestic inventory: is a dataset composed of emissions of pollutants to air, soil and water, as well as 
extraction of resources which take place within the boundary of the EU27 countries. It is mostly composed 
of datasets provided by international and European statistical agencies. It covers the EU27 member states 
for the period 2000 – 2010; 

 trade inventory: is composed of two separate datasets covering flows of emissions or resource 

consumption associated with import and export. Each of them is composed of a set of life cycle inventories 
of products that are representative of groups of products imported (or exported) in (or from) a given EU 
country. Such inventories cover 80% of the product groups (in mass) and are subsequently up-scaled to the 

                                                        
6 Austria, Belgium, Germany, Spain, France, Italy, Netherlands, Poland, Sweden, United Kingdom 
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total mass of imports and exports per product group, as documented in (EC - JRC, 2012b). Overall, the two 
inventories cover 10 Member States7 and EU27 as a whole, for the time series 2000 – 2010. 

Table 3 Steps carried out for developing the overall impact (resource) indicators, structured in parallel to LCA 

phases 

LCA phase Step Methodology 

Goal and scope  Definition of the system to be 
investigated and the analytical 
framework 

Development of the system boundaries for each accounting 
perspective: domestic, trade and apparent consumption 

Life Cycle 

Inventory (LCI) 

Development of the domestic 
inventory 

 

Combination of available national statistics inventories on 
emissions and resource extraction and estimations methods 

Development of the trade inventory 

 

Calculating the LCI for a set of products which are 
representative of the most relevant categories in import and 
export (in mass). Up-scaling is then performed through trade 
statistics to estimating the LCI of the total traded products 

Mapping with ILCD format Mapping datasets (both trade and domestic) to the ILCD format 

Life Cycle Impact 

Assessment (LCIA) 

Calculation of the overall impact 
indicators for 15 impact categories 

 

On the basis of the resulting inventories (domestic, import and 
export and apparent consumption) the ILCD recommended 
characterization factors are applied to calculate the mid-point 
indicators for 15 impact categories (as recommended within the 
ILCD and adopted in the product environmental footprint -PEF) 

Interpretation - 1 

(Uncertainty and 

Robustness*) 

Identification of key factors of 
uncertainty, analysis of robustness, 
peer-review consultation 

Structured peer-review process, use of qualitative scales for 
judging the robustness of the results. The completeness of the 
datasets, the robustness of the estimation methods adopted 
and the robustness of the underlying impact assessment 
models had been combined together in a synthetic judgement 
of robustness characterizing each of the indicators. A more 
elaborated approach is proposed as well in order to capitalize 
expert knowledge. 

Interpretation - 2 

(Visualization*)  

Presentation of the results through a 
visualization tool 

Use of a tool for multi-dimensional visualization purposes, such 
as the Sustainability Dashboard (Jeshinghaus and Hardi, 2002), 
for presenting the results. 

* as in any LCA, an interpretation phase is needed (ISO14040). In this specific case of macro scale application, a 
two steps approach is proposed beyond current micro-scale LCA application.  

The step in which the inventories are mapped into the ILCD format is a crucial one for the domestic inventory, 

whereas it is less relevant for the trade inventory. This is because of the fact that the statistics underpinning the 

domestic inventory are in general not compliant to LCI standards, nor to the ILCD; on the contrary the LCI datasets 

used for estimating the trade inventory can be easily exported in ILCD-compliant formats from commercial LCA 

software. Hence, in order to make a proper use of the dataset underlying the domestic inventory, its data had 

been matched to the ILCD format and nomenclature of flows (EC-JRC, 2010b), so that each flow can be univocally 

identified and, in the next step, linked to the corresponding characterization factor(s) used for calculating the 

impact indicators. 

The 5th step consists, hence, in the impact assessment phase (LCIA). In this phase the characterization factors 

underlying the 15 methods recommended by the ILCD (EC-JRC, 2011; Sala et al, 2012) have been multiplied to 

the values reported in the inventory so to calculate the 15 environmental impact indicators, for each of the 

country and for each of the year covered by the analysis (e.g. 1 ton of CO2 reported for Spain in 2005 had been 

multiplied for its characterization factor – the Global Warming Potential – so to calculate the impact exerted by 

that flow on the climate; see Box 3 for the explanation of the LCIA phases and procedure). For each of the country 

covered, as well as for the EU27, the inventory datasets are converted in environmental impacts for each of the 

three accounting perspectives (domestic, trade and apparent consumption), as depicted in figure 4. The full list 

of the 15 indicators so calculated is provided in section 2.5. On the basis these results it is possible to analyse 

the relative contribution of an emission to the total impact registered in the EU27 or in specific country. Similarly, 

                                                        
7 Austria, Belgium, Germany, Spain, France, Italy, Netherlands, Poland, Sweden, United Kingdom 
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the relative share of impact of which a country is responsible over the total EU27 burden can be assessed, along 

with relative trends in time. These results are reported in the results section. 

The 6th and 7th steps can be grouped together under the Interpretation phase of LCA, although these 

two elements are not explicitly mentioned in ISO14040 under the interpretation phase. The analysis of the 

robustness and underlying uncertainty of the results is a powerful tool that serves the purpose of providing 

a good key for the interpretation of the overall results. For example, if an indicator is characterized by higher 

uncertainty than others, this information might be of help in interpreting the results and drawing conclusions on 

that basis. Several authors (Funtowicz and Ravetz, 1990; van der Sluijs et al. 2005; Saltelli et al., 2012; Saltelli 

and Funtowicz, 2014) pointed clearly out the need for “qualifiers” to assess the robustness of modelling exercises. 

This can be done through classical method for quantitative assessment of uncertainty of models’ parameters 

such as variance and non-variance based sensitivity analysis (Saltelli et al., 2008), which can be used to assess 

‘technical’ uncertainty associated to the parameters included in modelling. This is typically applied in modelling-

based exercises, when data and probability distribution densities are available for all the factors in input to 

models. However such techniques cannot be applied to the domestic and trade datasets developed in the context 

of the life cycle indicators, as information on probability distributions if rarely available; hence, ‘error bars’ are 

not attached to the calculated figures, in this first release. Nonetheless, beyond statistical techniques dealing 

with ‘technical’ uncertainty, there are additional aspects that qualify any model-based assessment, which are 

more related to the ‘pedigree’ of the process through which the information is generated (van der Sluijs et al., 

2005). 

 
Figure 4 The scheme depicts the connection between LCI, LCIA and the three accounting perspectives: 

domestic, trade and apparent consumption 

In this work a set of quality-checks on key assumptions inspired by the ‘Numeral –Unit – Spread – Assessment – 

Pedigree’ NUSAP and relative pedigree matrices developed by van der Sluijs et al. (2005) is proposed in order to 

qualify the figure associated to the indicators. In particular, the completeness of the inventory used in the 

calculations, the comparability over time of the time series as well as the scientific robustness of the considered 

indicators are combined together into a judgement, providing overall indication of the level of robustness 

characterizing each of the 15 indicators in output. The presentation of the results is not a marginal aspect of 
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the methodology, as it may help in identifying hot spots and laggards, as well as outliers. In the current version 

of the ‘overall impact (resource) indicators’ the results are presented via charts and tables. However, it is foreseen 

to upload the dataset within the ‘sustainability dashboard’ tool developed by Jesinghaus and Hardi (2002) and 

currently maintained by the EC-JRC, as it allows  presenting and visualizing better the whole set of indicators, for 

each of the accounting perspectives adopted. 

2.3 Development of the Domestic Inventory 
The ‘domestic inventory’ includes all the emissions, as well as the extraction of resources, occurring within the 

territorial boundaries of EU27 member states. Instead, the resources consumed in the EU (e.g. natural gas 

imported from outside the EU and consumed in the UE) and the emissions released to produce a product that is 

then shipped and consumed in the EU (e.g. emissions of greenhouse gases emitted in China to manufacturing a 

laptop imported in the EU) are not accounted for in this inventory, as they are accounted, via estimation, in the 

trade inventory (see section 2.4). 

The domestic inventory has been compiled, when possible, by making use of the officially reported statistics on 

emissions- into air, water and soil- and resources extracted in EU 27 territory, relying on the data reported by 

Eurostat and other international and national statistical bodies. Nonetheless, several estimations were needed in 

order to estimate missing values within the time series or to estimate, for instance, emissions of pollutants that 

are not currently reported in official statistics. However, in general, official statistics were preferred for those 

statistics that guarantee a high degree of robustness, by means of standardized protocols, metadata, 

recalculation and quality assessment checks. Below, the hierarchical approach applied to the selection of the 

dataset to be used for building the domestic inventory: 

 1st choice  officially reported data. EU and international bodies (Eurostat, FAO, OECD, BGS), based on 

agreed models/methods/standards, with documented metadata and periodical quality checks. Better if the 

dataset is providing consistent time-series already in use within EU monitoring and policy making; 

 2nd choice  activity-based estimations. Based on the following equation:   

Activity data x Emission factor 

Activity data are taken from officially reported data; Emission factors are based on scientific literature, 

grey literature (e.g. sectoral reports), Life Cycle Inventories (LCIs); 

 3rd choice  statistical proxies (time, flows). Better when the correlation is proved statistically 

significant. When possible, consistency rules have been applied (e.g. the sum of the relative shares estimated 

must sum-up to 1); 

 4th choice  speculative assumption(s). Assumptions based on reasonable correlation and/or cause-

effect models, not statistically tested. Very often used for filling-in punctual data gaps (e.g. figure available 

for 2009 not for 2010 and no evident underlying trend). 

In general, the domestic inventory is composed of raw data provided by third parties (e.g. national or international 

statistical offices) and data derived from estimations carried out in order to complement the available dataset 

with additional information (from the 2nd to the 4th strategy). An example of raw data is the emission of x tons 

of CO2 occurring in a given country for a given year, as reported by the dataset of UNFCCC (2013), which is the 

international body deputed to the collection of data on greenhouse gases (GHGs) emissions. When more than one 

international or EU statistical agency collected datasets related to the same emission of a given pollutant, the 

choice has been made on a set of additional rules that has been put in place in order to provide a justification to 

the selection. For instance, for what concerns NOx, NH3, SOx, CO, coherently to what decided by a team of experts 

from EC-JRC, PBL, UNFCCC, EMEP, as reported in EC-JRC (2012e) on the basis of ECE (2010), the priority in 

selecting the data sources has been set as follows: UNFCCC > EMEP_modeled > EMEP_reported > EDGARv4.2. 

The original data sources for those substances are then: UNFCCC (2013) for CO and NOx (reported as NO2) and 

the EMEP/CEIP database for NH3, and SOx (reported as SO2) (EMEP/CEIP, 2013b). 
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An example of an estimated inventory data is the amount of nitrogen (total) discharged into freshwater bodies 

from wastewater plans. This value has been estimated for each of the countries and for each year by applying 

scientific literature (Van Drecht et al., 2009) and data taken from Eurostat (statistics on population connection to 

wastewater plants, by plant typology) and Faostat (statistics on yearly average intake of proteins per EU 

inhabitant). An in-depth description of the methodologies used to estimate missing substances and punctual 

values is given in Sala et al (2014) In table 4, the list of data sources as well as methods applied to estimate 

additional flows by group of substance, is presented by impact category. 

Table 4 Data sources used to compile the domestic inventory, by impact category (see Sala et al., 2014 for the 

description of the estimation techniques).  

Impact category Substance groups Data sources 

Estimation 

technique (as in 

Sala et al. 2014) 

Climate change CO2, CH4, N2O both from direct 
emissions and LULUCF 

UNFCCC (2013) Method S1 

HFCs, PFCs and SF6 UNFCCC (2013) Method S2 

Other substances (incl. 1,1,2-
trichloro-1,2,2-trifluoroethane, 
methylenchloride, chloroform, 
tetrachloromethane, 
chlorodifluoromethane, 
dichlorofluoromethane, CFCs, 
Dichloromethane) 

-  Total NMVOC per sector from: 

 - CORINAIR/EEA (2007; 2009)  

EMEP/CEIP (2013a) for sector activity 
modelling 

Literature sources (speciation per sectors) 

Method A 

HCFC-141b,  HCFC-142b  EDGARv4.2 (EC-JRC&PBL, 2011) Method B 

1,1,1-trichloroethane E-PRTR database (EEA, 2012a) Method C 

Ozone Depleting 

Potential 

CFCs, HCFCs, etc. -  Total NMVOC per sector from: 

 - CORINAIR/EEA (2007; 2009)  

EMEP/CEIP (2013a) ‘EMEP_reported’ for 
sector activity modelling 

Literature sources (speciation per sectors) 

Method A 

HCFC-141b,  HCFC-142b EDGARv4.2 (EC-JRC&PBL, 2011) Method B 

1,1,1-trichloroethane E-PRTR database (EEA, 2013a) Method C 

Human toxicity 

(cancer, non-

cancer) and 

ecotoxicity 

Air emissions  

Heavy metals (HM) EMEP/CEIP (2013a) ‘EMEP_reported’ Method C 

Organics (non-NMVOC): e.g. dioxins, 
PAH, HCB, etc. 

EMEP/CEIP (2013a) ‘EMEP_reported’ 

E-PRTR (EEA 2013a) 

Method C 

NMVOC -  Total NMVOC per sector from: 

 - CORINAIR/EEA (2007; 2009)  

EMEP/CEIP (2013a) for sector activity 
modelling 

Literature sources (speciation per sectors) 

Method A 

Water emissions  

Industrial releases of HM + 
organics 

E-PRTR (EEA, 2013a) 

Waterbase (EEA, 2013b) 

Eurostat (2013a) 

Method D 

Urban WWTP (HM + organics) Waterbase (EEA, 2013b),  

OECD (2013a),  

Eurostat (2013b) 

Method D 

Soil emission:   

Industrial releases (HM, POPs) - E-PRTR (EEA 2013a) Method E 

Sewage sludge (containing 
organics and metals) 

EEA (2012) + Eurostat (2013c) for usage 

EC (2010) for HM composition 

EC-JRC (2001) for dioxins 

Method E 

Manure - FAOstat(2013a), Amlinger et al. (2004), 
Chambers et al. (2001) 

Method E 
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Impact category Substance groups Data sources 

Estimation 

technique (as in 

Sala et al. 2014) 

Pesticides  

Active ingredients (AI) breakdown Pesticide usage data: FAOstat  (2013d; 
2013e) (F, H, I, O + chemical classes) + 
Eurostat (2013f) for second check  

Use of extrapolations for AI differentiations 

Eurostat (2013d) for crop harvested areas; 
FAOstat (2013b) 

FAOstat (2013c) for organic areas 

Method F 

Particulate 

matter/respiratory 

inorganics 

CO, NO2 UNFCCC (2013) Method T1 and T2 

SO2, NH3 EMEP/CEIP (2013b) – ‘EMEP_modeled’ 
dataset 

Method T1 

PM10, PM2.5 EEA (2013c) Methods T1 and T3 

PM0.1  EDGARv4.2 (EC-JRC&PBL, 2011) Method T4 

Ionizing Radiations emissions of radionuclides to air 
and water from energy production 
(nuclear and coal) 

UNSCEAR data on emissions factors (2008) 
for 14C, 3H, 131I; 

nuclear energy production (Eurostat, 2013l; 
2013m; 2013r) 

Ecoinvent 3.01 (Weidema et al., 2013) 

Method M1 

emissions of radionuclides to air 
and water from nuclear spent-fuel 
reprocessing 

emission factors from UNSCEAR data 
(2008) on emissions of 3H, 14C, 60Co, 
90Sr, 99Tc, 129I, 106Ru, 137Cs and 241Pu  

spent fuel reprocessing statistics are from 
the International Panel on Fissile Materials 
(IPFM) (2008a, 2008b). 

 

Method M2 

discharge of radionuclides from 
non-nuclear activities (radio-
chemicals production and research 
facilities) 

OSPAR Commission  database (OSPAR, 
2013b; 2013c) covering the following 
activities: radio-chemicals production and 
research facilities 

Method N 

discharge of radionuclides from 
oil&gas industry 

OSPAR Commission  database (OSPAR, 
2013) 

overall oil production figures (Eurostat, 
2013r) 

Method N 

emissions to air and water from 
the end-of-life scenario of gypsum 
boards 

Ecoinvent (v 3.01) unit processes; 

PRODCOM data (PRODCOM/Eurostat 2013). 

Method O 

Acidification NO2 UNFCCC (2013) Method T1 and T2 

SO2, NH3 EMEP/CEIP (2013b) – EMEP_modeled 
dataset 

Method T1 

Photochemical 

ozone formation 

NMVOC -  Total NMVOC per sector from: 

 - CORINAIR/EEA (2007; 2009)  

EMEP/CEIP (2013a) ‘EMEP_reported’ 

Literature sources (speciation per sectors) 

Method A 

NO2 UNFCCC (2013) Method T1 and T2 

SO2 EMEP/CEIP (2013b) – ‘EMEP_modeled’ 
dataset 

Method T1 

Terrestrial 

eutrophication 

NO2 UNFCCC (2013) Method T1 and T2 

NH3 EMEP/CEIP (2013b) – ‘EMEP_modeled’ 
dataset  

Method T1 

Freshwater 

eutrophication 

Phosphorous (total) to soil and 
water, from agriculture 

Eurostat (2013g) for phosphorous Input 
and Output data 

UNFCCC (2013) for nitrogen input 

FAOstat (2013b) for cultivated cereal 
surfaces  

Bouwman et al. (2009) 10% loss of P to 
water as global average 

Methods I  

Phosphorous (total) to soil and 
water, from sewages 

removal efficiency of Phosphorous Van 
Drecht et al (2009) 

Methods I  
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Impact category Substance groups Data sources 

Estimation 

technique (as in 

Sala et al. 2014) 

Use of laundry detergents Risk and 
Policy Analysts (RPA) 2006 

Use of dishwasher detergents Risk and 
Policy Analysts (RPA) 2006 

Fraction of P-free laundry detergent Risk 
and Policy Analysts (RPA) 2006 

Percentage of people connected to 
wastewater treatment (no 
treatment/primary/secondary/tertiary)
 OECD (2013a) /  Eurostat 
(2013h) 

Marine 

Eutrophication 

NOx UNFCCC (2013) Method T1 and T2 

NH3 EMEP/CEIP (2013b) – ‘EMEP_modeled’ 
dataset 

Method T1 

Nitrogen (total) to water, from 
agriculture 

national inventories delivered to  UNFCCC 
(2013) for: Ntot input data, losses to water, 
synthetic fertilizers, manure, losses to air.  

N output is calculated by using the ratios 
(by country, by year) between Input and 
Output provided by Eurostat (2013g), then 
multiplied to Inputs from UNFCCC 

Methods I 

Nitrogen (total) to soil and water, 
from sewages 

protein intake FAOstat (2013f) 

removal efficiency of Nitrogen Van Drecht 
et al (2009) 

Percentage of people connected to 
wastewater treatment (no 
treatment/primary/secondary/tertiary)OECD 
(2013a) /  Eurostat (2013h) 

Methods I 

Resource 

depletion, water 

Gross freshwater abstraction 
(freshwater + groundwater) 

Eurostat (2013i) 

OECD (2013b)  

FAO-Aquastat (2013) 

Methods J  

Land use “land occupation” and “land 
transformation” flows: forest, 
cropland, grassland, settlements, 
unspecified 

UNFCCC (2013) national inventories 

Corine Land Cover (EEA, 2012b) for CY and 
MT 

Method R 

Resource 

depletion, minerals 

and fossils 

metals BGS (1995, 2000, 2002, 2012) 

RMG (2013) 

WMD (2014) 

Method K3 

minerals PRODCOM (PRODCOM/Eurostat, 2013) Method K3 

energy carriers Eurostat (2013l; 2013m; 2013n; 2013o; 
2013p; 2013q) 

Method K2 

Domestic biomass 

production 

crop residues, wood and fish, For 
fodder crops and grazed biomass 

Eurostat (2013d; 2013k) Method K1 

crop production FAOstat (2013b) Method Q 

2.4 Development of the Trade Inventory 
In literature, environmental impacts and footprints associated with trade had been assessed through 

environmentally extended input-output tables (EEIOT), either multi-region or single-region, as well as by means 

of upscaling of process-based LCA or with a combination of both, leading to the so-called hybrid EEIOT - LCA (for 

a deep discussion of the topic, please refer to Deliverable 1 and 2 of this Administrative Arrangement (Dewulf et 

al., 2014a, Dewulf et al., 2014b). Process-based LCA is very often more precise than EEIOTs as it allows for high 

detail and flexibility; on the other hand EEIOTs have the advantage of capturing well macro-scale overall figures. 

In general, but with relevant exceptions, EEIOTs cover less environmental interventions and flows than process-

based LCAs, leading to a lesser coverage of key environmental impact categories. 

Because of this reason, in this study the ‘trade inventory’ is developed by upscaling process-based LCA. The ‘trade 

inventory’ accounts for all the emissions and resources associated with traded commodities from and to the 
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EU27 and 10 selected member states. The inventory is composed of two subsets: import and export. This 

inventory adopts the ‘cradle-to-gate’ perspective, hence, the environmental interventions included in the LCI 

account from the production of the raw materials needed to produce the commodity up to the EU ports (the 

‘gate’), including international transport. This is consistent with the definition of the domestic inventory, because 

the environmental burden of the use and end of life of the imported goods should account within the domestic 

boundaries and being included in the domestic inventory. In order to estimate the environmental impact of 

trade, statistics on commodities in import and export - HS-6 code from ComExt (Eurostat, 2010) are matched 

with Life Cycle Inventories of modelled representative products for key product groups (covering 80% of the 

traded mass of commodities), so to estimate the environmental interventions associated with the import (or 

export) of the product, as described in the Method A (below). Up-scaling factors are then applied to cover 100% 

of mass of commodities in import and export. 

In order to estimate the robustness of this methodology, the calculation of the environmental impacts arising 

from European (intended as EU27) trade (i.e. imports and exports) in year 2010 has been approached in two 

different ways: 

 Method A - Calculation based on a sample of selected product groups at HS6 aggregation level for imports, 

and CN8 aggregation level for outputs; 

 Method B - Calculation based on an update of the environmental impacts from European trade calculated 

for 2006 (which was based on product groups at the CN8 aggregation level), i.e. recalculating the impact 

assessment using 2010 data of European trade but keeping the same representative products and life cycle 

inventories used in the 2006 calculations developed by EC-JRC (2012b). 

 Method C – Results taken from Oliveira et al. (2014), which consist of an update of the environmental 

impacts from European trade calculated for 2000, 2005 and 2010 for EU27 and 10 member countries 

calculated with previous methods (A and B). Overall, 20 product groups (HS2) with representative products 

(CN8) were choses as representative; 15 were based on mass, 5 on value. The database is compiled in Gabi 

6.3 from PE International, using a variety of sources with a significant share coming from PE Professional 

database and Ecoinvent 2.2. 

2.4.1 Estimation of impacts from European trade: Method A 

This calculation makes use of statistical data on European traded quantities (imports and exports) for year 2010 

(taken from the ComExt database sourced from Eurostat, 2010). These are combined with relevant cradle-to-

gate LCI datasets taken from the EcoInvent database, versions 2.2 and 3.0 (Weidema et al., 2013). The most 

important product groups in terms of traded quantities (mass) were considered for the calculation. From these, 

the product groups that have actually been used in the calculation are those for which a suitable LCI dataset is 

available in EcoInvent. In order to maximise the mass-representativeness of the sample of modelled product 

groups based on the datasets available in the EcoInvent database, HS6 aggregation level was considered for 

imports, while the CN8 level was considered for exports (Table 5). Overall, the modelled sample is composed of: 

 Imports: 19 HS6 product groups modelled, which belong to 9 HS2 product groups 

 Exports: 35 CN8 product groups modelled, which belongs to 21 HS2 product groups 

The reference year for the calculation of the environmental impacts is 2010, i.e. all data related to the traded 

quantities (both imports and exports) refer to 2010. Due to limited data availability, the individual datasets used 

to model each traded product-group do not always refer to 2010 but are sometimes older. 

As mentioned, the approach adopted to gather LCI datasets for modelling of the indicators has been the 

maximisation of the cumulative mass of the modelled product groups compared to overall mass of traded 

products (imports and exports). This inherently assumes that having a mass-representative sample of the overall 

EU27 trade allows obtaining a representative estimate of the overall environmental impact from European trade. 

A different approach could have been used, e.g. a mixed approach that considers both the traded mass and the 
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traded monetary values. However, it seems questionable that monetary trade value can be seen as a 

representative parameter for environmental impact estimation8.  

Up-scaling of the emissions and use of resources had to be conducted (as explained below), though it also adds 

to the uncertainty of the final results. Up-scaling was conducted at three levels: 

1. At the level of the individual cradle-to-gate data-sets for each specific product group, in order to obtain LCIs 

that account for 100% of the traded mass of each product groups. This is needed for imported products 

because, for simplicity, only the 3 major source countries were actually modelled, which in general do not 

provide the entire EU27 import of a certain product. For instance, if the 3 source countries account for 60% 

of the total EU27 import of a certain product, then an up-scaling factor of 1/0.6=1.67 has been applied. 

2. At the level of the estimated overall inventory for HS6 product groups (for imports) and CN8 product groups 

(for exports), in order to estimate the overall inventory at HS2 level.  

3. At the level of the previously estimated inventory at HS2 level, in order to estimate the total LCIs of EU27 

imports and of EU27 exports. E.g., with respect to the imported products, the overall mass of the modelled 

products at HS2 level was 1.05*109 tons, compared to an overall import (in 2010) of 1.63*109 tons. Thus, an 

up-scaling factor of 1.63*109 / 1.02*109 = 1.55 has been applied. With respect to the exports, the resulting 

up-scaling factor is 1.28. 

Table 5 Method A: selected product groups used for the calculation of the environmental impacts for European 

trade in year 2010 

IMPORT EXPORT 

HS6 code product CN8 code product 

120100 Soya beans 10019099 Spelt, common wheat and meslin 

170111 Raw Cane Sugar 10030090 Barley 

250100 Salts and pure sodium 
chloride 

10059000 Maize (excl. Seed for sowing) 

251710 Pebbles, gravel, broken or 
crushed stone 

11081300 Potato starch 

252329 Portland Cement 22011011 Mineral waters, natural, not carbonated 

260111 Non agglomerated iron ores 
and concentrates 

25171010 Pebbles and gravel for concrete aggregates 

260112 Agglomerated iron ores and 
concentrates 

25231000 Cement clinkers 

270112  Bituminous coal 25232900 Portland cement (excl. White, whether or not artificially 
coloured) 

270119 Coal 27101969 Fuel oils obtained from bituminous materials 

270900 Petroleum oils 28070010 Sulphuric acid 

271011 Light oils of petroleum 28362000 Disodium carbonate 

271111 Natural Gas, liquefied 29091990 Acyclic ethers & their 
halogenated/sulphonated/nitrated/nitrosated 

271112 Propane, liquefied 31022100 Ammonium sulphate 

271121 Natural gas in gaseous state 31052010 Mineral or chemical fertilisers containing n, p, k 

271311 Petroleum coke 38160000 Refractory cements, mortars, concretes and similar 
compositions 

290511 Methanol, methylic alcohol 39012090 Polyethylene with specific gravity >0.94, in primary forms 

310420 Potassium Chloride 40021100 Styrene-butadiene rubber latex "sbr" 

440122 Wood Chips 44101130 Particle board of wood 

                                                        
8 Such aspect is one of the most controversial in this assessment, as emerged from the results of the Workshop 
on “Indicators and targets for the reduction of environmental impact of EU consumption” organized by the JRC 
and held in September 2014. The outcomes are reported in section 4 – Discussion of this document. 
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IMPORT EXPORT 

720712 Semi-finished products of 
iron or non-alloy steel 

47071000 Recovered "waste and scrap" paper or paperboard 

  47079090 Sorted, recovered “waste and scrap” paper or paperboard 

  48010000 Newsprint paper 

  48102210 Coated paper used for writing, printing or other graphic 
purposes 

  48101990 Paper & paperboard used for writing, printing or other graphic 
purposes 

  68091100 Boards, sheets, panels, tiles of plaster 

  68109190 Structural components for building, of cement, concrete or 
stone 

  69051000 Roofing tiles 

  70109053 Coloured glass used for packing of foodstuffs and beverages 

  73051100 Oil or gas pipeline with diameter >406mm 

  87032319 Motor cars and other motor vehicles principally designed for 
the transport of 1 to 9 persons 

  26011100 + 

26011200 

Agglomerated and non-agglomerated iron ores 

  27101141 + 

27101145 

Motor spirit, with a lead content < 0.013 g/l 

  70052935 + 

70052980 

Float glass and surface ground and polished glass, in sheets 

2.4.2 Estimation of impacts from European trade: Method B 

This calculation is based on an update of the estimation of the environmental impacts from European trade 

conducted for year 2006. In the LC-indicators framework for year 2006, 15 major import and export product 

groups (as HS2 level) were selected in order to assess impacts from international traded product (Table 6). One 

representative product (at CN8 level) was chosen and modelled for each HS2 product group, using LC inventories 

associated to the product. The selection of the product groups was based on a pre-selection of the 50 most 

important product groups by mass, and a final selection based on life cycle inventory data on important products 

within these 50 product groups. A mass-based upscaling was applied to obtain the overall impact of import and 

export (EC - JRC, 2012a). The traded quantities (imports and exports) for year 2006 are taken from the ComExt 

database provided by Eurostat (2010). Up-scaling has been applied similarly to the 2010 calculations described 

in the previous sub-chapter. 

Based on this estimation, the 2010 calculation of the impacts from European trade was conducted by using the 

2010 update on European traded quantities (ComExt database), while keeping the same representative products 

at CN8 level and product groups at HS2 level (again, one representative CN8 product per each HS2 product group) 

and the same life cycle inventories used for 2006 calculation.  

Table 6 Method B: product groups (HS2) and representative products (CN8) chosen for calculation of 2006 

impacts from European trade  

IMPORT EXPORT 

CN8 code product CN8 code product 

27090090 Crude oil 72085120 Hot-rolled non-alloyed steel 

72071210 Non-alloyed steel slaps or coils 27090090 Crude oil 

76011000 Unwrought aluminium 87032319 Passenger car 

61091000 T-shirts (cotton) 39021000 Propylene 

87032319 Passenger car 84295210 Self-propelled excavators 

39232100 Polyethylene bags 84714990 Data processing machines 
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84158190 Air conditioning 76061291 Alloyed aluminium sheets 

84713000 Computer/laptop 25232900 Portland cement 

85219000 Video recording or reproducing apparatus 48101990 Paper and paperboard 

26011100 Iron ore 85030099 Electric motor parts 

28182000 Aluminium oxide 31052010 NPK fertilisers 

31021010 Urea 17019910 White sugar 

29051100 Methanol 04021019 Milk and cream in solid forms 

17011110 Cane sugar 02032955 Frozen boneless swine meat 

23040000 Soya oil cake 28182000 Aluminium oxide 

02013000 Bovine meat boneless 29337100 Caprolactam 

2.4.3 Estimation of impacts from European trade: Method C 

The method has been developed by Oliveira et al. (2014) on the basis of the previous methods (A and B). Overall, 

20 product groups (HS2) with representative products (CN8) were choses as representative; 15 were based on 

mass, 5 on value. The database is compiled in Gabi 6.3 from PE International, using a variety of sources with a 

significant share coming from PE Professional database and Ecoinvent 2.2.Similarly to them, “for each country, 

15 HS2 level product groups were selected, presenting the largest imported mass, covering at least 80% of the 

total import/export. Also 5 product groups were selected based on the largest value imported from those that 

were not among the 15 groups selected by mass. For each of the 15 HS2 product groups, a representative product 

on CN8 level was selected, based on having the largest share of the imports within that HS2 group. This was done 

in order to facilitate the modelling.” (Oliveira et al., 2014). Moreover, they report that “the exported mass of the 

CN8 product was scaled to the total mass of the HS2 category. The representativeness of the CN8 product group 

for the whole HS2 group was assumed a valid simplification.” This trade inventory is used in combination with 

the domestic inventory to assess apparent consumption within the EU. 

2.5 Environmental impact assessment indicators 
Consistently to what recommended by the ILCD (EC-JRC, 2011) and as adopted by product and organization 

environmental footprints (PEF and OEF) 15 impact categories and related mid-point indicators were calculated 

on the basis of the underlying inventories, both domestic, trade (import and export) and apparent consumption, 

at the level of countries and EU27 and for the time series 2000-2010. By doing so, a set of categories of 

environmental impact was covered, ranging from the depletion of resources, to the emissions of environmentally 

damaging substances (e.g. greenhouse gases and toxic chemicals), as well as harmful effects on human health. 

The full list of impact categories and indicators is provided below in table 7.  

2.5.1 ILCD/PEF recommended LCIA impact categories and indicators 

The ILCD recommended impact assessment methods and the related characterization factors (CFs) (EC-JRC, 

2011; Sala et al., 2012) have been used for calculating the impacts associated to domestic and trade-related 

activities. Such characterization factors, along with the underlying models, have been recommended within the 

ILCD after an assessment and evaluation process run from 2009 to 2012, in which the experts of life cycle 

impact assessment has been asked to review and judge the models available in literature and practice so to 

select the most robustness and agreed ones, on the basis of a set of scientific, transparency and applicability 

criteria. This process resulted in the recommendation of the set of 15 mid-point indicators of environmental 

impact, adopted by the Product Environmental Footprint and Organization Environmental Footprint (EC, 2013a). 

The characterization factors used in this work for calculating the ‘overall impact (resource) indicators’ are 

available for download from the European Platform on LCA website9.  

Table 7 Overview of impact categories, impact assessment models, mid-point indicators, and sources 

                                                        
9 http://eplca.jrc.ec.europa.eu/ 
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Impact Category 

/Indicator 

Acronym (in 

this study) 

Impact Assessment Model Unit of the 

indicator 

Source  

Climate Change I01GWP Bern model - Global Warming 
Potentials (GWP) over a 100 year 
time horizon. 

kg CO2 equivalent Intergovernmental 
Panel on Climate 
Change, 2007 

Ozone Depletion I02ODP EDIP model based on the ODPs of 
the World Meteorological 
Organization (WMO) over an 
infinite time horizon. 

kg CFC-11 
equivalent 

WMO, 1999 

Ecotoxicity for 

aquatic fresh water 
I07ECOTOX USEtox model CTUe 

(Comparative Toxic 
Unit for 
ecosystems) 

Rosenbaum et al., 
2008 

Human Toxicity -  

cancer effects 
I03HUM-
TOXCANC 

USEtox model CTUh 
(Comparative Toxic 
Unit for humans) 

Rosenbaum et al., 
2008 

Human Toxicity – 

non-cancer effects 
I04HUM-
TOXNCANC 

USEtox model CTUh 
(Comparative Toxic 
Unit for humans) 

Rosenbaum et al., 
2008 

Particulate 

Matter/Respiratory 

Inorganics 

I06RIPM Integration of several models, 
namely: RiskPoll model (Rabl and 
Spadaro, 2004) and Greco et al 
2007  and USEtox  

kg PM2.5 
equivalent 

Humbert, 2009 

 

Ionising Radiation – 

human health 

effects 

I08IRHH Human Health effect model kBq U235 equivalent 
(to air) 

Frischknecht et al., 
2000 

Dreicer et al., 1995 

Photochemical 

Ozone Formation 
I09POF LOTOS-EUROS model kg NMVOC 

equivalent 
Van Zelm et al., 2008 
as applied in ReCiPe 

Acidification I05ACID Accumulated Exceedance model mol H+ eq Seppälä et al.,2006; 
Posch et al., 2008 

Eutrophication – 

terrestrial 
I10EPTERR Accumulated Exceedance model mol N eq Seppälä et al.,2006; 

Posch et al., 2008 

Eutrophication – 

aquatic * 
I11EP-FRSW; 
I12EP-MARINE 

EUTREND model fresh water: kg P 
equivalent 
marine: kg N 
equivalent 

Struijs et al., 2009 as 
implemented in ReCiPe 

Resource Depletion 

– water 
I14RD-WATER Swiss Ecoscarcity model m3 water use 

related to local 
scarcity of water 

Frischknecht et al., 
2008 

Resource Depletion 

– mineral, fossil & 

renewable ** 

I15ADPENERGY; 
I16ADPMINMET 

CML2002 model kg antimony (Sb) 
equivalent 

van Oers et al., 2002 

Land Use I13LU Soil Organic Matter (SOM) model kg C (deficit) Milà i Canals et al., 
2007 

* In the current assessment this impact category is split in two: freshwaters and marine waters 
**The ‘Resource Depletion – mineral, fossil & renewable’ indicator has been split in its ‘energy carriers’ and 
‘minerals and metals’ components in this work. Energy-carriers include also Uranium. 

Behind each of these mid-point indicators lies an impact assessment method, which, in turns, builds on a specific 

model. The models are used to quantify the causal relationships between the material/energy inputs/emissions 

(i.e. elementary flows) associated with the system being assessed and each impact category considered. In 

practice, any flow contributing to a certain impact category is multiplied by its specific characterization factor so 

to calculate its contribution to that impact. The contribution of each of the flows (i.e. the impact of which the 

flows are responsible for) is then summed so to obtain a score expressing the overall environmental impact on 

that category. For example, for the impact category Climate Change all of the flows contributing to climate change 

are expressed in terms of CO2–equivalents by means of a multiplication with their respective characterisation 

factor. Methane (CH4) equals 25 CO2–equivalents (i.e. it has a characterization factor equal to 25) as its impact 

on climate change is 25 times higher than of CO2, for the same amount of gas released. The sum of the emissions 

of CO2, CH4 and all of the pollutants contributing to climate change composes the figure of total impact on climate 
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change. The same mechanism applies for all the other flows and impact categories. In Annex I a description of 

each of the indicators recommended by the ILCD and PEF is provided, along with the underlying models. 

2.5.2 Additional methodological choices 

2.5.2.1 Indicators on resource depletion 

A small deviation from what suggested within the ILCD/PEF is applied in this work for what concerns the indicator: 

‘Resource Depletion – mineral, fossil & renewable’. This indicator has been split in two, dividing ‘fossil energy 

carriers’ from ‘minerals and metals’, which are instead summed together according to the original methodology. 

Similarly, the indicator ‘Eutrophication – aquatic’ has been reported extensively by distinguishing between 

freshwaters and marine waters, leading to a total of 2 indicators. Hence, the overall number of indicators reported 

in the results is 16 and not 14 as reported in table 7. This is done in order to provide more information on the 

depletion of fossil reserves, which are usually contributing to a lesser extent than metals and minerals to the 

overall resource depletion, as their characterization factors are much lower than those of metals, for instance. 

This has the effect of masking the impact on the depletion of fossil resources which is not in the aim of this work.  

2.5.2.2 Characterization factors used 

Some elementary flows (e.g. NH3, SO2, NO2, surface water) in some impact categories (e.g. water depletion, 

acidification), are characterized by a multiplicity of characterization factors although they refer to the same 

emission (e.g. SO2) and to the same compartment (i.e. emission to air, soil, water). Such differences depend mostly 

on three reasons: the modality of the emission (e.g. is emitted in urban or in rural areas? Is emitted from high or 

low-stack?), the geographic area where the emission takes place (e.g. country differentiation for freshwater 

withdrawals and acidification emissions) and the time horizon of the analysis (i.e. short or long term for some 

pollutants). The characterization factors that can be applied, hence, vary substantially. Several decisions on what 

characterization factors had to be used were made so to perform the analysis. Because of the rough resolution 

(country-scale) of the collected inventory, it has not been possible to allocate the share of emissions that took 

place in each modality; hence, the default factor for ‘unspecified’ modality of emissions has been selected for 

emissions. Non-country specific CFs have been used, as common practice in LCIA, however a further refinement 

of the analysis might take this spatial differentiation into account. The short-term perspective was applied. 

An additional methodological choice had been made for those flows not having an explicit characterization factor 

but being high contributor to some impact categories. The flows of NOx and SOx retrieved from the source 

statistics have been mapped into the ILCD flows nitrogen dioxide (NO2) and sulphur dioxide (SO2), respectively, 

as there are no ILCD characterization factors available for NOx and SOx. This is anyhow consistent with the data 

sources, as the figures were reported in NO2 and SO2 equivalent. Similarly, for a group of substances contributing 

to GHGs, no CF was available; hence, an average CF for the substances composing that group was used. Another 

limitation depends on the fact that not all the Zn emitted in soils is mapped, as it is not reported what speciation 

is this figure referring to. All of these choices might lead to different results in the impact assessment phases 

and must be taken into account when making general statements on the results. For what concerns the land use 

impact category, some choices have been made for the characterization factors to be attributed to the statistical 

dataset retrieved from UNFCCC (2013) referring to land use changes ‘to other land uses’. This flow had been 

mapped into the ILCD flow ‘land transformation, to unspecified, natural’ although there is no certainty that such 

definition is completely consistent with the statistics underneath. However this is assumed to be a reasonable 

choice as the characterization factor for this flows is relatively low in comparison to its alternative: ‘land 

transformation, to unspecified, used’, which has a characterization factor too high (i.e as high as the one for 

conversion to urban areas) for being representative of generic land use transformations. 

2.6 Assessment of uncertainty and robustness 
The classical quantitative measures of uncertainty (e.g. relative standard deviation, variance-based sensitivity 

indices, etc.) are able to provide quantitative estimations of the relevance of the assumptions and parameters to 

the observed final results of a modelling or estimation exercise. However, uncertainty and robustness are more 
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than that (Funtowicz and Ravetz, 1994; Saltelli et al, 2012). In fact, quantitative measures of uncertainty are able 

to quantify those parameters already defined within a model, however cannot qualify the assumptions underlying 

the development of the model itself (e.g. scientific theory underlying the model, cut-off rules, outliers, etc.). 

Altogether, this set of assumptions can be called ‘pedigree’ (Funtowicz and Ravetz, 1994), as very often key 

uncertainties are related to the process rather than the modelling itself. The NUSAP methodology (Van der Sluijs 

et al, 2005), as well as the Sensitivity Auditing rules proposed by Saltelli et al. (2012), can be helpful in this 

respect to identify which are the key assumptions underpinning the indicators’ results and their relative strength. 

In the context of this work the analytical steps reported in the table below have been identified composing a 

possible roadmap towards the assessment of uncertainty and robustness underlying the ‘overall impact 

(resource) indicators’.  

Currently, some internal audit and review activities had been developed (steps 1 2 and 3), along with an expert 

workshop held in September 2014. The results of steps 2 and 3 lead to the robustness assessment discussed in 

section 4.3. 

Table 8 Actions to be performed to assess uncertainty and robustness of the ‘Overall impact (resource) 

indicators’ 

 
Actions to be performed 

to assess uncertainty 

and robustness 

Domestic Inventory Trade Inventory LCIA phase 

Overall resource 

indicators 

(Domestic + 

Trade) 

INTERNAL AUDITING and REVIEW 

01 Identification of key 
assumptions and 
limitations 

yes yes yes, carried out 
by the ILCD (but 
outdated) 

partially 

02 Qualitative assessment of 
the strength of the key 
assumptions 

partially no yes, carried out 
by the ILCD (but 
outdated) 

no 

03 Comparison with similar 
studies 

partially (for EU27, 
years 2000 and 
2010) 

partially, for EU27, 
year 2010 

yes, carried out 
by the ILCD (but 
outdated) 

partially 

EXTERNAL AUDITING, REVIEW and ACCEPTANCY 

04 Compliancy with existing 
standards (ISO 14040, 
ILCD LCI and LCIA, PEF) 

yes (ILCD LCI) yes (ISO 14040 

PEF, 

ILCD LCI) 

yes (ILCD LCIA) yes (ILCD LCI and 
LCIA) 

05 Expert’s opinion elicitation 
– extended peer-review 

yes (experts’ 
workshop) 

yes (experts’ 
workshop) 

yes (ILCD, 2011) yes (experts’ 
workshop) 

06 Publication in a peer-
reviewed journal 

in preparation In preparation yes in preparation 

07 Public consultation no no yes no 

2.7 Visualization tool 
In literature, there are several attempts to present multiple environmental indicators synthetically and 

dynamically. A recent example is e.g. related to the FP7 project OPEN EU10, in which footprint indicators and 

scenarios are visualised through a web based tool (Roelich et al 2014). In the context of the present project where 

multidimensional, multiregional and multi-temporal aspects are at stake, the visualization tool that has been 

identified to be suitable for presenting the results of the resources indicators is the Dashboard of Sustainability 

(DS) (Jesinghaus and Hardi, 2002). A brief description of the tool is provided hereafter.  

2.7.1 Sustainability Dashboard 

The sustainability dashboard allows to showing multiple indicators simultaneously as well as aggregate 

performances for multiple countries through visual representation of geographic maps or scatterplots. The tool 

does not allow representing in a 3D view the whole set of data e.g. it cannot represent simultaneously all the 

                                                        
10 http://www.oneplaneteconomynetwork.org/resources/work-package-8.html 
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countries, years, indicators and accounting perspectives. The tool composes an aggregated indicator based on a 

simple average, weighted according to weights selected by the users and dynamically computable from the visual 

interface. The results, both in form of dashboard-like features, scatter plots or geographical maps, are shown by 

the tool through traffic-light colours which depicts the relative performance of each of the indicators and of the 

considered country. An example based on a different dataset is provided below. The general description of the 

Sustainability Dashboard is provided below, building on the tool’s manual11. 

“The Dashboard tool, developed by a small group of indicator programme leaders called “Consultative Group on 

Sustainable Development Indices” (CGSDI), is an attempt to help and launch the process of putting indicators at 

the service of democracy. 

A car driver, an Airbus pilot, or the captain of a cruise ship, they all have a dashboard in front of them, with an 

impressing array of instruments that help them to take their decisions. Likewise, the “captains” of nations need 

tools to steer our modern societies into the 21st Century; and obviously, in a participatory democracy, citizens 

insist to “look over the shoulder of the captain”, so that they can understand, comment and criticize the decisions 

of their governments. 

Currently, only a handful of indicators, namely the rates of GDP growth, unemployment and inflation, are 

communicated to the citizen. However, judging government performance with only three indicators is like 

travelling with a captain who tells the passengers “as long as there is fuel on board, and the compass points into 

the right direction, everything is OK”. 

The complexity of decision-making in the 21st Century needs more adequate decision support tools! The 

Dashboard presents sets of indicators in a simple pie chart format based on three principles: 

1. the size of a segment reflects the relative importance of the issue 

described by the indicator 

 

2. a colour code signals performance relative to others: green means 

“good”, red means “bad”; 

3. the central circle (PPI, Policy Performance Index) summarizes the 

information of the component indicators. 

This “language” may seem a straight-jacket for many indicators; 

however, it is the only way to present very heterogeneous indicators in a 

common format. 

 
Figure 5 An example of application of the dashboard of sustainability to Europe (source 

http://esl.jrc.ec.europa.eu/dc/sustsoc/sus_fvi.htm) 

                                                        
11 http://esl.jrc.ec.europa.eu/envind/dashbrds.htm 
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2.7.2 Limitations in the use of the SD  

In order to calculate a composite indicator which aggregates the different indicators, the sustainability dashboard 

makes use of a normalization procedure (not to be confused with the normalization step in LCA) for which the 

values of the indicators are rescaled between 0 and 1, for comparability issues. Such step is highly sensitive to 

outliers which might have the effect of distorting the scale of analysis. 

A practical limitation occurring from the visualization perspective is the fact that the current version of the 

resources indicators is composed by several dimensions, namely: indicators, countries and years, for each of the 

accounting perspectives considered in the analysis (domestic, trade, apparent consumption). So, the results of the 

overall resource indicators have to be presented in three separate packages: domestic, trade and apparent 

consumption, each of them implemented in the DS tool.  
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3  Results - the environmental impacts of EU27  

In this section the key results of the resource efficiency indicators are reported. In order to summarize the main 

findings, synoptic results are reported below. The results are reported as follows: 

1. Overall trends in EU27 from 2000-2010 by country and by impact category, from domestic and trade. 

This include a synoptic table of relative change of impact over time by country and by impact category 

2. Analysis of the relative important of the domestic and trade components of the indicators 

3. Contribution analysis of the main elementary flows leading to impact in each impact category 

(reference year- 2010) 

3.1 Observed trends at the EU27 scale, by impact category  
In this section, figure 6 shows the results for the 16 impact indicators over the period 2000 – 2010 for the whole 

EU27 (blue ‘o’ marker, black line), in terms of observed trend. In order to understand the extent to which an 

increase/decrease in the impact have occurred, table 9 reports the relative change from 2000 to 2010 for each 

member state and each impact category. 

Overall, for the domestic, the impact is decreasing to various extents in all the impact categories but land use 

and water resource depletion. Acknowledging an increment of population and GDP, this could be considered an 

absolute decoupling.  

Concerning the trade component, figure 7 shows the results for 15 impact indicators12 for three years (2000-

2005-2010) for the whole EU27. The relative change in impact between 2000 and 2010 is reported in table 9 

and 10, for 10 countries and EU27. 

The import component (table 10) of trade shows an increment in all the countries but France. The range of 

variation is very wide (e.g. Belgium in which the values change around 10% and The Netherlands in which the 

variation is  over 100% in many impact categories).  

The export component (table 11) of trade, equally shows an increment as average for EU. Three countries present 

a decrement (Belgium, France and United Kingdom). Also in this case, the variation presents different extent. 

Table 12 reports for each impact category the relative weight of import, export and apparent consumption over 

domestic figures. 

  

                                                        
12 Energy carriers are not reported as a separate impact category but included in resource depletion 
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Figure 6 Domestic impacts based on life cycle impact assessment indicators, for the EU27, time-series 2000-

2010. The acronym of the impact indicator is reported at the top of the chart (see section 2.5) 
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Table 9  Relative change observed between year 2000 and 2010 for the domestic component, by impact indicator, with the addition of Gross Domestic Product and demography. 

Relative changes of more than 10 times increase had been labelled as outliers ‘outl’ in the table, not available data are reported as ‘na’. The entity of the change is highlighted 

by a color-scale ranging from dark-red to dark-green indicating respectively high increase to high decrease 
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Figure 7 Import and Export components, respectively represented as red ‘+’ marker and black  ‘*’ marker. 

The acronym of the impact indicator is reported at the top of the chart (see section 2.5). The results plotted 

in the chart refer to Trade - Method C, section 2.4  
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Table 10 and 11  Relative change observed between year 2000 and 2010 for the IMPORT (first table from the top) and EXPORT (second table) component, by impact indicator, 

with the addition of Gross Domestic Product and demography. Relative changes of more than 10 times increase had been labelled as outliers ‘outl’ in the table, not available 

data are reported as ‘na’. 
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Table 12 Ratio between each of the components and the domestic inventory, by impact category 
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Figure 8 Main contributors by impact category, expressed as percentage of the impact, domestic component 
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3.2 Contribution analysis for the overall domestic impacts 
Figure 8 illustrates the relative contribution to the impact in each impact category. Data are presented as 

percentage of the overall impact. In the majority of the impact categories, few elementary flows explain more 

than 90% of the impacts. 

NOx, SOx, and NH3 play overall a very high contribution, namely referring to photochemical ozone depletion, 

acidification, eutrophication terrestrial and marine, and particulate matter. 

Metals are dominating toxicity-related impact categories, Cr for human toxicity cancer and Zn for human 

toxicity non-cancer and ecotoxicity. Those elementary flows have been mainly estimated and current figures 

reflect inputs from manure and sludge application to soil. The dominance of such flows on the total impact has 

to be interpreted in the light of the limitations that apply to the toxicity-related impact categories. In fact the 

characterization factors for heavy metals are recommended with caution in the ILCD for the impact categories 

‘human toxicity –cancer effects’ and ‘human toxicity, non-cancer effects’, as this class of pollutants is 

characterized by very high and very uncertain CFs.  Overall, the robustness of each of the impact category is 

reported in table 16. 

In general, a significant share of the impacts is related to energy (e.g. 14C contributing to ionising radiation, for 

around 80% is due to electricity production and fuel reprocessing). 

Land use cannot be reported as relative share as is by both negative and positive components. The majority of 

the impacts are due to land occupation by agriculture and urban activities, whereas the land use 

transformations play a minor role. 
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4  Discussion 

In this section the main limitations of the methodology and its results are presented and discussed. In the last 

part of the section a discussion on uncertainty and robustness of the results is provided as well. 

4.1 Accounting framework 

4.1.1 Modelling of domestic and trade inventories 

The scheme reported in figure 9 (Giljum et al., 2013) classifies possible accounting perspectives which can be 

adopted in national footprint analysis. The ‘resource indicators’ do adopt a full consumption perspective as, in 

addition to domestic/territorial impacts, both indirect and direct impacts associated with imports are taken into 

account in form of life cycle inventories associated with representative products. The same holds for exported 

goods, however, with some limitations – for instance the in-ability of the method to account explicitly for 

‘hidden’ flows wastes in form of exported goods, which might change significantly the overall apparent 

consumption figures. 

 

Figure 9 Depiction of the possible accounting perspectives that can be used in environmental accounting 

(Giljum et al. (2013)) 

For what concerns trade inventories it is relevant to note that, due to data limitation, modelling of complex 

products (i.e. those products with long supply chains which imply multi-regional trade patterns – laptops, cars, 

electric appliances, etc.) with process-based inventories can be affected by strong approximations. In fact, 

according to the current design of the accounting framework, a product imported to (or exported from) the 

EU27 is assumed to be entirely produced in the exporting country, regardless of the actual supply chain behind 

it. Although for some products (e.g. raw materials and some semi-finished products) this can be considered a 

good approximation, in case of complex products such as electronic devices this might be a weak 

representation, as it is very probable that some of the components are actually manufactured elsewhere. In 

this case, our assumption would lead to a misrepresentation of the trade patterns and relative environmental 

burdens. 

In fact, at the experts’ workshop on “Indicators and targets for the reduction of environmental impact of EU 

consumption” organized by the JRC and held in September 2014, relevant comments on the methodology 

underneath the ‘overall impact indicators’ were raised, mostly in relation to the trade component. Among the 



45 

 

key elements touched upon, the most controversial was the perceived issue in completeness and 

representativeness of the trade component, especially in comparison to other methods such as Environmentally 

Extended Input Output Tables - EEIOT and Multi-Regional Input Output Tables MRIOT). Some of the experts who 

took part in the workshop see a lack of coherence in the combination of the domestic inventory with the trade 

inventory as they do belong to different methodological foundations, implying different modelling resolution. 

In fact, the resolution of process-based LCA (p-LCA) inventories used in modelling traded commodities is very 

different from the one of the domestic inventory; combining the two methods has been considered by some 

experts as inconsistent.  

Moreover, a set of e.g. 60 representative products is perceived not to representing well EU trade which is 

composed of more than thousands of traded products. This could potentially lead to downplaying the role of 

trade in the overall picture. The assumptions behind the p-LCA trade component are very complex in terms of 

allocating emission to the specific product group; this might lead to errors (e.g. double counting). In addition, 

cut-off rules applied at the level of process-based LCA lead to lack of consistency in total figures (either 

resources or emissions) and the uncertainties associated to those estimates are very difficult to be assessed. 

In order to upscale the environmental impacts associated with trade masses and values are not necessarily 

enough; other proxies (e.g. substances) could be tested. Another approach in modelling trade would be the 

selection of e.g. the three most important products for each impact category, by expert judgement, and 

complement this list with the list based on mass and values. 

Other experts perceive the combination of top-down (domestic) and bottom-up (trade) techniques to be 

appropriate and efficient, as completeness and representativeness are to be checked at the level of underlying 

LCI of representative products. Conversely, it has been recognised that EEIOT cannot cover a complete set of 

emissions/impact stemming from product groups. 

It would be then important to complement the information of process-based LCA and Input output techniques 

in modelling trade. Multi-Regional Input Output Tables (MRIO) could be applied in order to identify the most 

important traded products and then to assess with process LCA only those that are selected on the basis of 

MRIO.  

4.1.2 Impact assessment and indicators 

Some limitations affecting the overall methodology are basically due to the limitations characterizing the 

ILCD’s recommended impact models: lack of environmental aspects (e.g. biotic resources are not accounted 

for, impacts on marine environment are not included, neither impacts from erosion and noise); lack of 

regionalization (i.e. some LCIA methods do account for spatial distribution with resolution at country scale, 

whereas others do not).  

4.2 Comparison with similar studies 

4.2.1 Domestic inventory 

The current inventory of domestic environmental impact contains around 4000 elementary flows compliant 

with ILCD, for each of the EU27 member states, for each year. A consistency check had been developed in this 

study by comparing the following datasets with the domestic inventory at the aggregate EU27 scale:  

 Domestic Inventory 2010: results of the present study, using as inventory the datasets of the ‘Resource 

Life Cycle Indicators’ for the year 2010, for the EU27 territory (Benini et al. 2014). 

 Domestic Inventory 2000: results of the present study, using as inventory the datasets of the ‘Resource 

Life Cycle Indicators’ for the year 2000, for the EU27 territory (Benini et al. 2014). 

 Prototype 2006: normalisation factors resulting from a prototype version of ‘Resource Life Cycle 

Indicators’ for the year 2006 and the EU27 territory (EC-JRC, 2012b); 
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 CML 2000: inventory provided by CML (2013)13 and based on CML impact assessment method (Guinée, 

2002), referring to the year 2000 and to the territorial unit EU25+3 (i.e. referring to the 25 countries of 

the European Union in 2006, supplemented with Iceland, Norway and Switzerland); 

 ReCiPe 2000: inventory provided by the ReCiPe impact assessment method referring to the year 2000 

and the territorial unit EU25+3 (Wegener Sleeswijk, et al., 2008) and latest release (Wegener Sleeswijk 

and Huijbregts, 2010) 

The main features of the different normalisation factors calculations taken into account for the comparison 

are reported in the table below. The datasest can be hardly directly comparable each others because of 

different underlying nomenclature (e.g. flows), impact assessment methods,  time and geographic 

representativeness. In order to circumvent these issue, when possible, the same year of reference had been 

used for comparison (year 2000). Moreover, the flows reported within each of the datasets have been mapped 

to ILCD elementary flows and these values have been multiplied by the respective characterization factors of 

the recommended LCIA method of the ILCD Handbook (EC-JRC, 2010b) so to compare the overall impact 

estimated by each dataset. For some flows reported in ReCiPe or CML there are no equivalent ILCD flows and/or 

CFs. In some cases, estimations of CFs for missing flows/CFs were made (e.g. for manure and fertilizers) in 

order to capture important components and to be able to conduct a more meaningful comparison.  

Table 13 Main features of the comparison of normalisation datasets in this study 

 Reference 

year 
Geographical boundaries Activity 

boundaries  
Reference 

Inventory 2010 2010 EU27 Domestic inventory Sala et al. (2014) 

Inventory 2000 2000 EU27 Domestic inventory Sala et al. (2014) 

Prototype 2006 2006 EU27 Domestic inventory EC - JRC (2012b) 

CML 2000 2000 EU25+3 (Iceland, Norway and 
Switzerland) 

Domestic inventory CML (2013) 

ReCiPe 2000 2000 EU25+3 (Iceland, Norway and 
Switzerland) 

Domestic inventory Wegener Sleeswijk 
and Huijbregts (2010) 

 

The results of such comparison are presented, impact category by impact category, in Benini et al. (2014). 

Overall, in comparison to the others, this dataset is much more complete in terms of substances covered. This 

reflects both the fact that over the years significant efforts have been made by national and international 

agency to collect better data and that the estimations techniques applied in this exercise fill many of the gaps 

of officially reported environmental statistics. However, it is noteworthy to say that the current dataset has 

been developed with the objective of being consistent with the ILCD format and flows, which, in turns, are 

consistent with the characterization factors available for the considered impact categories. Other datasets were 

developed with the objective of supporting impact assessment methods different than those recommended by 

the ILCD and, hence, may perform worse than the current dataset. 

4.2.2 Trade inventory 

4.2.2.1 Comparison of results among methods A and B  

Table 14 (below) provides an overview of the environmental impacts from European trade calculated with 

method A (2010), method B (for the years 2006 and 2010) and method C (2010). As it can be observed from 

the results, such estimation is affected by a significant degree of uncertainty which depends e.g. on: 

 The choice of the representative product-groups (method A: one CN8 product per each HS2 group – method 

B: as many representative products at HS6 level for imports and CN8 level for outputs). In method A, as 

only one CN8 representative product is chosen per each HS2 product group, the estimated impacts are 

strongly influenced by this chosen CN8 product. In method B, the logic has been to maximize of the 

                                                        
13 http://cml.leiden.edu/software/data-cmlia.html  

http://cml.leiden.edu/software/data-cmlia.html
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cumulative mass of the modelled product groups compared to overall mass of traded products (imports 

and exports). This inherently assumes that having a mass-representative sample of the overall EU27 trade 

allows obtaining a representative estimate of the overall environmental impact from European trade. A 

different approach could have been used, e.g. a mixed approach that considers both the traded mass and 

the traded monetary values. However, it seems questionable that monetary trade value is a representative 

parameter for environmental impact estimation. 

 The 3 levels of up-scaling conducted to determine the overall impacts adds a lot to the overall uncertainty, 

as they amplify all uncertainty proportionally to the up-scaling factors applied. 

 The reference year for the calculation of the environmental impacts is 2010, i.e. all data related to the 

traded quantities (both imports and exports) refer to 2010. However, the individual data-sets used to 

model each traded product-group do not necessarily refer to 2010, i.e. the datasets available do not always 

have a good temporal representativeness. 

 Also, the chosen LCI datasets may not be fully relevant in terms of their technological and geographical 

representativeness: e.g. they may represent a similar technology/process, but not the exact one that should 

be used; or, may represent a European average, but not the exact process of the country from which a 

given product is imported. In addition, they do not always include to exact cradle-to-gate inventory, i.e. 

some processes that are part of the cradle-to-gate life cycle may not be included. Whenever this issue 

was identified, other datasets were added – if available and relevant - to fill the gap. 

Table 14 Impacts from European trade in year 2010 and year 2006 from methods A and B 

LCIA Indicator Trade 

dataset 

Method A 

2010 

Method B 

2006 

Method B  

2010  

Method C 

2010 

Climate change midpoint [kg CO2 eq.] Import 3.12E+11 1.15E+12 9.40E+11 9.20E+11 

Export 2.24E+11 7.85E+11 8.45E+11 3.62E+13 

Ozone depletion midpoint [kg CFC11 eq.] Import 1.04E+05 1.47E+05 1.27E+05 6.04E+05 

Export 3.55E+04 4.91E+04 4.96E+04 1.76E+06 

Human Toxicity midpoint, cancer effects 

[CTUh] 

Import 2.78E+05 4.39E+03 4.18E+03 8.87E+04 

Export 3.37E+04 1.28E+03 1.32E+03 1.62E+05 

Human Toxicity midpoint, non-cancer 

effects [CTUh] 

Import 2.21E+05 3.57E+04 7.43E+03 3.59E+05 

Export 4.48E+04 7.80E+04 6.79E+04 1.47E+06 

Particulate matter/Respiratory inorganics 

midpoint [kg PM2.5 eq.] 

Import 2.53E+08 9.58E+08 7.38E+08 1.56E+09 

Export 1.48E+08 2.16E+08 2.29E+08 5.62E+09 

Ionizing radiation midpoint, human health 

[kBq U235 eq.] 

Import 5.15E+10 4.08E+10 3.13E+10 8.70E+13 

Export 4.47E+10 3.28E+10 3.35E+10 5.10E+13 

Ionizing radiation midpoint, ecosystems 

[CTUe] 

Import 1.57E+05 5.98E+05 4.61E+05 na 

Export 1.37E+05 4.75E+05 4.85E+05 na 

Photochemical ozone formation midpoint, 

human health [kg C2H4 eq.] 

Import 1.88E+09 4.61E+09 3.72E+09 7.44E+09 

Export 9.04E+08 1.94E+09 2.08E+09 8.94E+10 

Acidification midpoint [mol N] Import 3.76E+09 9.08E+09 1.12E+10 1.66E+10 

Export 1.39E+09 5.51E+09 5.00E+09 1.15E+11 

Eutrophication terrestrial midpoint [kg 

Neq.]  

Import 5.96E+09 1.66E+10 1.30E+10 2.08E+10 

Export 3.14E+09 1.24E+10 1.44E+10 3.28E+11 

Eutrophication freshwater midpoint [kg 

Peq.]  

Import 2.12E+08 1.81E+07 1.97E+07 3.04E+08 

Export 7.68E+07 6.64E+06 5.87E+06 2.95E+08 

Eutrophication marine midpoint [kg N eq.]  Import 6.00E+08 1.27E+09 9.88E+08 8.33E+08 

Export 4.04E+08 5.76E+08 6.24E+08 3.43E+09 
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Ecotoxicity freshwater midpoint [CTUe] Import 3.01E+12 2.71E+11 2.39E+11 8.04E+12 

Export 5.71E+11 1.14E+11 1.11E+11 8.95E+12 

Land use midpoint [kg C deficit] Import 4.88E+12 0.00E+00 0.00E+00 4.88E+12 

Export 1.20E+12 0.00E+00 0.00E+00 1.20E+12 

Resource depletion water midpoint [water 

eq. m3] 

Import 3.81E+08 0.00E+00 0.00E+00 6.75E+11 

Export 3.91E+08 0.00E+00 0.00E+00 6.44E+11 

Resource depletion minerals, fossil and 

renewables midpoint [Sb eq] 

Import 1.48E+06* 5.38E+08* 3.39E+08* 9.98E+09 

Export 1.32E+07* 3.99+08* 3.99E+08* 1.31E+08 

*results for Resource Depletion minerals, fossil and renewables according to Method B have been calculated using a 
different impact assessment method (Person Reserves as in EDIP) and can therefore not be directly compared with Method 
A. 

4.2.2.2 Comparison of results with environmentally extended input/output tables - 

trade 

As it is possible to see from Table 15 (below), the methods A, B and C lead to substantially different results 

between them. The comparison below includes three different methodologies: multi-regional input output 

tables, single region input output table and up-scaling from bottom-up LCI modelling either conducted within 

this work and from Oliveira et al. (2014). The three methodologies are based on different approaches, as 

explained in EC-JRC (2010). A wide range of results has been observed across impact categories. For what 

concerns climate change it is possible to note that the ratio between import and domestic differs substantially 

across the studies reviewed, ranging from 0.63 (EC-JRC, 2012f) to 0.07 (bottom-up modelling, method A), 

meaning that, according to WIOD, in addition to every kg of CO2 eq. generated domestically within the EU27 

other 0.63 kg of CO2 eq. are imported. Input output tables (both multi-regional and single region) estimate a 

higher contribution from imports than the bottom-up LCI modelling for acidification and photochemical ozone 

formation. It must be said, however, that in case of ‘method C’ the figures tend to be much closer, at least for 

climate change and acidification. Concerning water resources, the three methodologies differ dramatically.  

Regarding ‘Mineral, fossil & renewable resource depletion’ it can be argued that the two bottom-up estimations 

differ dramatically and that Method C is the one closer to MRIOT’s result. 

Such results raise questions on the robustness of the currently available bottom-up estimations associated 

with trade. The bottom-up LCI modelling can be considered a powerful technique when the sample of products 

used for modelling trade can be seen as representative of the basket of products imported into an economy. 

In order to reach such representativeness a high number of products combined with a high representativeness 

of those products for the traded goods is required. In the current version only a limited number of products 

could be included in the analysis; hence it is likely that the set of products would not be sufficiently 

representative of the imports that occur within the EU 27. This might explain why the bottom-up exercises 

reported in the table are always underestimating the contribution of trade if compared to the input output 

tables. Another possible source of difference is the completeness of the LC inventories used for modelling the 

products in import. However, even if some life cycle inventories would lack a range of elementary flows because 

of e.g. the level of technological, time and geographical representativeness of the inventory, such error should 

not have affected the results to this extent. However, also input-output methods have limitations; for instance 

monetary estimations of environmental impacts lack differentiation between products within the same sector, 

providing then aggregate averages which are not necessarily representative of the impacts associated to a 

specific traded product. 
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Table 15 Comparison of import and domestic inventories with EEIOTs studies 

Impact category Methodology 
additional 

details 

Unit of the 

indicator 

Embodie

d 

emission

s (or 

resource

s) in 

import 

Domestic 

emissions 

(or 

resources 

extractio

n) 

Ratio 

Import/ 

Domesti

c 

Yea

r 

Coverag

e 
Data source 

Emissions                   

Climate change Multi-Regional Env.Ext. Input Output 
table  

  kg CO2 eq. 3.21E+03 5.08E+12 0.63 200
8 

EU-27 EC-JRC (2012e) 

Multi-Regional Env.Ext. Input Output 
table  

only CO2 kg CO2 1.17E+03
1 

3.96E+12 0.30 200
8 

EU-27 Peters et al. (2011) 

bottom-up LCI and upscaling import - method C kg CO2 eq. 9.20E+11 4.60E+12 0.20 201
0 

EU-27 Oliveira et al. 
(2014) 

bottom-up LCI and upscaling import - method 
B* 

kg CO2 eq. 9.40E+11 4.60E+12 0.20 201
0 

EU-27 this work 

bottom-up LCI and upscaling import - method 
A** 

kg CO2 eq. 3.12E+11 4.60E+12 0.07 201
0 

EU-27 this work 

Acidification Multi-Regional Env.Ext. Input Output 
table  

  kt acid-eq 6.01E+02 7.24E+02 0.83 200
8 

EU-27 EC-JRC (2012e) 

bottom-up LCI and upscaling import - method C mol H+ eq 1.66E+10 2.36E+10 0.70 201
0 

EU-27 Oliveira et al. 2014 

bottom-up LCI and upscaling import - method 
B 

mol H+ eq 1.12E+10 2.36E+10 0.47 201
0 

EU-27 this work 

bottom-up LCI and upscaling import - method 
A 

mol H+ eq 3.76E+09 2.36E+10 0.16 201
0 

EU-27 this work 

Photochemical ozone 

formation  
Multi-Regional Env.Ext. Input Output 
table  

  kt NMVOC-
eq 

3.22E+04 2.90E+04 1.11 200
8 

EU-27 EC-JRC (2012e) 

bottom-up LCI and upscaling import - method C kg NMVOC 
eq 

7.44E+09 1.59E+10 0.47 201
0 

EU-27 Oliveira et al. 
(2014) 

bottom-up LCI and upscaling import - method 
B 

kg NMVOC 
eq 

3.72E+09 1.59E+10 0.23 201
0 

EU-27 this work 

bottom-up LCI and upscaling import - method 
A 

kg NMVOC 
eq 

1.88E+09 1.59E+10 0.12 201
0 

EU-27 this work 
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Impact category Methodology 
additional 

details 

Unit of the 

indicator 

Embodie

d 

emission

s (or 

resource

s) in 

import 

Domestic 

emissions 

(or 

resources 

extractio

n) 

Ratio 

Import/ 

Domesti

c 

Yea

r 

Coverag

e 
Data source 

Resources             

Land Use Multi-Regional Env.Ext. Input Output 
table  

  1000 km2 4.77E+03 3.04E+03 1.57 200
8 

EU-27 WIOD (EC-JRC, 
2012f) 

bottom-up LCI and upscaling import - method 
B 

kg C deficit n.a. 3.74E+13 n.a. 201
0 

EU-27 this work 

bottom-up LCI and upscaling import - method 
A 

kg C deficit 4.88E+12 

 

3.74E+13 0.13 201
0 

EU-27 this work 

Water Use Multi-Regional Env.Ext. Input Output 
table  

  km3 8.02E+02 7.32E+02 1.10 200
8 

EU-27 WIOD (EC-JRC, 
2012f) 

bottom-up LCI and upscaling import - method C m3 water 
eq 

6.75E+11 4.06E+10 16.6 201
0 

EU-27 Oliveira et al. 2014 

bottom-up LCI and upscaling import - method 
A 

m3 water eq 3.81E+08 4.06E+10 0.01 201
0 

EU-27 this work 

Material extraction Multi-Regional Env.Ext. Input Output 
table  

  Mt 4.99E+03 6.99E+03 0.71 200
8 

EU-27 WIOD (EC-JRC, 
2012f) 

Single region Env.Ext. Input Output 
table 

Energy carriers 
only 

t 1.63E+09 8.12E+08 2.01 201
0 

EU-27 Schoer et al.(2012), 
Eurostat (2013k) 

Single region Env.Ext. Input Output 
table 

Metals only  t 1.30E+09 1.55E+08 8.39 201
0 

EU-27 Schoer et al. (2012), 
Eurostat (2013k) 

Single region Env.Ext. Input Output 
table 

All materials t 3.52E+09 5.93E+09 0.59 201
0 

EU-27 Schoer et al. (2012), 
Eurostat (2013k) 

Mineral, fossil & renewable 

resource depletion 
Single region Env.Ext. Input Output 
table 

Energy carriers 
only 

kg Sb eq. 3.96E+06 2.14E+05 18.5 201
0 

EU-27 EC-JRC  est. on  

Schoer et al. (2012) 

Single region Env.Ext. Input Output 
table 

Metals only kg Sb eq. 1.03E+08 3.36E+07 3.1 201
0 

EU-27 EC-JRC  est. on  

Schoer et al. (2012) 

Single region Env.Ext. Input Output 
table 

All materials kg Sb eq. 1.07E+08 3.38E+07 3.07 201
0 

EU-27 Schoer et al. (2012) 

bottom-up LCI and upscaling import - method C kg Sb eq. 9.98E+09 5.03E+07 198 201
0 

EU-27 Oliveira et al. 
(2014) 
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Impact category Methodology 
additional 

details 

Unit of the 

indicator 

Embodie

d 

emission

s (or 

resource

s) in 

import 

Domestic 

emissions 

(or 

resources 

extractio

n) 

Ratio 

Import/ 

Domesti

c 

Yea

r 

Coverag

e 
Data source 

bottom-up LCI and upscaling import - method 
A 

kg Sb eq. 1.48E+06 5.03E+07 0.03 201
0 

EU-27 this work 

* ‘import - method B’ refers to the LCI bottom-up modelling as estimated in EC-JRC (2012a) for 2006 but updated to reflect trade flows in 2010 

** ‘import - method A’ refers to the LCI bottom-up modelling as estimated in the current version of the trade inventory 

1 this value is relative to the year 2006. 
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4.3 Uncertainty and robustness – qualitative assessment 

4.3.1 Domestic inventory 

In the table below a qualitative assessment of the robustness of the ‘overall impact indicators’ is provided. 

Overall, the main sources of limitations and uncertainties affecting the results consist of the following aspects: 

 Development of the domestic inventory – (completeness and estimation) both related to the 

data sources to be used and to the techniques to be adopted for the estimation. Difficulties in 

properly mapping statistics into elementary flows consistent to the ILCD format. This is mainly due 

to the different structure of the statistics datasets usually available from international and national 

bodies and the nomenclature used in the LCA methodology as well as the different level of data 

aggregation. Errors in the original dataset provided by international statistical offices can hardly be 

identified 

 Robustness of the LCIA indicators – the methodologies underlying the indicators might be more 

or less robust, as reported in (EC-JRC, 2011; Sala et al., 2012), and are classified according to the 

level of recommendation (from I to III). 

On the basis of the comparison with similar studies (see Benini et al., 2014) it has been possible to assess the 

robustness of the inventory (at least for the year 2010) and, in combination to the level of recommendation 

provided in the ILCD (EC-JRC, 2011) for LCIA methods, an overall analysis of the robustness of the calculated 

indicators is provided in the table below. This means that the results of the indicators should be interpreted 

accordingly. 

Table 16 Robustness of the indicators based on underlying impact categories and inventories 

Impact category Completeness of 

the dataset 

used for the 

inventory  

Data quality 

and estimation 

methods 

ILCD 

Classification 

for impact 

assessment 

method 

Overall 

robustness  

Climate change I I I Very High 

Ozone depletion III III I Medium 

Human toxicity- cancer effect  III  II/III II/III Low 

Human toxicity- non cancer effect  III  II/III II/III Low 

Acidification II I II High 

Particulate matter I/II I I Very High 

Freshwater Ecotoxicity   III  II/III II/III Low 

Ionizing radiations I/II I/II II Medium 

Photochemical ozone formation  II  II II Medium 

Terrestrial eutrophication II/III I II Medium 

Freshwater eutrophication   II/III II/III II Medium to 
Low 

Marine eutrophication II/III II II Medium to 
Low 

Land use III I III Medium 

Resource depletion water II II III Medium to 
Low 

Mineral, fossil & renewable resource 

depletion 

II II II Medium 
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4.3.2 Trade inventory 

Currently there is no clear understanding about the level robustness associated to the trade inventories 

(Methods A, B and C). Such values are considered to be only prototypal and not robust enough for use in policy 

making; for instance the resulting impacts from trade had not been included in the calculation of normalization 

factors for the year 2010 supporting the testing phase of the Product Environmental Footprint, for which a 

domestic perspective had been adopted instead, as documented in Benini et al. (2014). In general the trade 

inventory provides different figures if compared to EEIOT studies as reported above and, most worryingly, are 

very sensible to modelling choices as demonstrated by the high variability observed among bottom-up 

methods. Although this can be acceptable as different methodologies are likely to leading to different results, 

such differences are too high. Thus, the methodology itself is highly sensitive to the selection of the 

representative products used to estimate trade, as demonstrated by the wide variability reported in table 13, 

among similar methods. In fact, representing the impacts of trade by making use of a limited number of 

representative products, although well selected and covering a high percentage in mass of total imports and 

exports is indeed a coarse representation of the system under investigation. As such, the trade component is 

considered to be only in its prototypal phase and it will have to be complemented, for instance, with a much 

higher number of additional products and or with hybrid LCA-EEIOT models/inventories.  
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Annex 1 Impact categories and mid-point indicators 

Climate Change 

 Refers to the changes induced to the World’s climate as a consequence of the emissions to the atmosphere 

of the so-called greenhouse gases, such as CO2, CH4, N2O. 

 The Earth’s atmosphere absorbs part of the energy emitted as infrared radiation from Earth towards space, 

and is thereby heated. This natural greenhouse effect leading to a warming of the atmosphere has been 

increased over the past few centuries by human activity leading to accumulation of such compounds as 

CO2, N2O, CH4 and halocarbons to the atmosphere. The most important human contribution to the emissions 

of greenhouse gases is attributed to the combustion of fossil fuels such as coal, oil and natural gas. The 

consequences include increased global average temperatures and sudden regional climatic changes. 

Climate Change is an impact affecting the environment on a global scale. 

 Reference compound: CO2; reference unit: kg CO2-equivalent 

Ozone Depletion 

 Stratospheric O3 is broken down as a consequence of man-made emissions of halocarbons (as CFCs and 

HCFCs), halons and other long-lived gases containing chloride and bromine. The highly energetic radiation 

reaching the stratosphere breaks down these gases, providing free radicals able to destroy the ozone 

molecule. The ozone content of the stratosphere is therefore decreasing, and since 1985 a dramatic 

temporary thinning of the ozone layer, often referred to as “ozone hole”, has been observed each year, 

over the South Pole. In the last few years the depletion of ozone has also accelerated over the northern 

hemisphere. As a consequence, the intensity of hazardous ultraviolet radiation reaching the earth’s surface 

has increased over parts of the southern and northern hemispheres. This can have dangerous 

consequences in the form of increased frequency of skin cancer in humans and damage to the plants. The 

stratospheric ozone depletion is an impact which affects the environment on a global scale.  

 The net reaction according to which stratospheric ozone is broken down is: 2O3 → 3O2. The step by step 

mechanism, given below, is very interesting because it shows that the ozone consumers (radicals X: Cl or 

Br) are conserved through the reaction. And thus can in principle perpetuate the destruction of stratospheric 

ozone for an indefinite period. 

X + O3 → XO + O2 

O3 + hv → O2 + O 

O + XO → X + O2 

 For a substance to be considered as contributing to stratospheric ozone depletion, it must: (1) be a gas at 

normal atmospheric temperatures; (2) contain chlorine or bromine; (3) be stable with a lifetime in the 

atmosphere of several years to century, to allow for its transportation up into the stratosphere. 

 Reference compound is CFC-11 (trichlorofluoromethane); reference unit: kg CFC-11-equivalents 

Ecotoxicity for aquatic freshwater  

 Ecotoxicity is an impact which predominantly affects the environment on local and regional scales. For a 

substance to be regarded as contributing to ecotoxicity, it must affect the function and structure of the 

ecosystem by exerting toxic effects on the organisms which live in it. Toxic effect can occur as soon as the 

substances are released (acute ecotoxicity), or may appear after repeated or long-term exposure to the 

substances (chronic ecotoxicity). Chronic ecotoxicity is often caused by substances which have a low 

degradability in the environment and which can therefore remain for a long time after their emission 

(persistent substances). Some substances also have the tendency of accumulating in living organisms, so 

that tissues and organs can be exposed to concentrations of the substance which are far higher than the 

concentration in the surrounding environment. The chronic ecotoxicity of a compound is thus determined 

by its toxicity, its biodegradability, and its ability of accumulating in living organisms. 
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 Reference unit: Comparative Toxic Unit for ecosystems (CTUe). It expresses the potentially affected fraction 

of species (PAF) integrated over time and volume per unit mass of a given chemical emitted. 

Human Toxicity  

 Chemicals emitted as a consequence of human activities can contribute to human toxicity via exposure to 

the environment. Human Toxicity is an impact which predominantly affects humans in the environment on 

local and regional scales. For a substance to be regarded as contributing to human toxicity, it must of 

course be poisonous to humans. In addition, also the substance’s behavior has to be considered in that 

there can be several routes of exposure to humans. The most important routes of exposure are via the air 

breathed in or via other materials ingested orally, e.g. food. Only such a comprehensive way of regarding 

the substance can estimate the extent to which humans will be exposed to it. 

 Unit: Comparative Toxic Unit for humans (CTUh). It expresses the increase in morbidity in the total human 

population per unit mass of a given chemical emitted. 

Particulate matter / Respiratory inorganics  

 Ambient concentrations of particulate matter (PM) are elevated by emissions of primary and secondary 

particulates. The mechanism for the creation of secondary emissions involves emissions of SO2 and NOx 

that create sulphate and nitrate aerosols. Particulate matter is measured in a variety of ways: total 

suspended particulates (TSP), particulate matter less than 10 microns in diameter (PM10), particulate 

matter less than 2.5 microns in diameter (PM2.5) or particulate matter less than 0.1 microns in diameter 

(PM0.1). 

 The characterisation factor (CF) for particulate matter/respiratory inorganics accounts for the 

environmental fate (F), exposure (X), dose-response (R) of a pollutant for midpoint factors, and of 

severity (S) for endpoint factors:  CF = S * R * X * F = EF * iF. The pollutant can be a single chemical (e.g. 

CO) or group of agents (e.g. PM2.5). The fate factor relates the emission flow to the mass in the air. The 

exposure factor determines the change in intake rate per change in mass in the environment. The dose-

response slope relates the change in intake with the marginal change in morbidity and mortality cases 

and the severity is the change in damage per morbidity and mortality case. The fate and exposure can be 

combined into an intake fraction (iF). The dose-response and the severity can be combined into the effect 

factor (EF, in DALY/kg inhaled). The intake fraction describes the fraction of the emission that is taken in 

by the overall population. 

 Reference unit: kg PM2.5-equivalent. 

Ionising radiation, human health effects 

 The same framework for human toxicity and ecotoxicity applies for ionizing radiation: the modelling 

starts with releases at the point of emission, expressed as Becquerel (Bq), and calculates the radiative 

fate and exposure, based on detailed nuclear physics knowledge.  

 The exposure analysis calculates the dose that a human actually absorbs, given the radiation levels that 

are calculated in the fate analysis. The measure for the effective dose is the Sievert (Sv), based on 

human body equivalence factors for the different ionising radiation types (-radiation, neutrons: 1 Sv = 1 

J/kg body weight). Data expressed in Sievert include physical data on energy doses and biological data 

on the sensitivities of different body tissues. Man Sievert (Man-Sv) is the collective dose, calculated by 

multiplying the average individual dose representative of the population, by the number of people 

affected and integrating it over a specified time horizon. An intermediate stage in the calculations of 

doses is often expressed as Gray (Gy). This is the measure of absorbed dose without considering the 

different reaction types of body tissues. 

 Reference unit: kBq U235 equivalent (to air) 
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Photochemical Ozone Formation 

 When solvents and other volatile organic compounds (VOCs) are released to the atmosphere (e.g. by 

emissions from combustion processes), they are often degraded within a few days. The reaction involved 

is an oxidation, which occurs under the influence of light from the sun. In the presence of oxides of nitrogen 

(NOx) ozone can be formed. NOx are not consumed during ozone formation, but have a catalyst-like 

function. This process is termed photochemical ozone formation: 

NO2 + hv(280-430 nm) → NO + O 

O2 + O → O3 

 Ozone is an unstable gas with a half-life in the troposphere of a few weeks, and ozone formed in the 

troposphere thus cannot rise to the stratosphere and there counteract the depletion of the ozone layer. 

Despite ozone’s short life, the ozone concentration in the troposphere rises by about 1% per year over 

most of the northern hemisphere, where most VOCs and NOx emissions occur.  

 Ozone in the troposphere attacks organic compounds in plants and animals or materials exposed to air. 

This leads to an increased frequency of problems of the respiratory tract in humans during periods of 

photochemical smog in cities. Photochemical ozone formation is an impact which affects the environment 

on both local and regional scales. 

 Reference unit: kg NMVOC equivalent 

Acidification 

 When acids (and compounds that can be converted to acids) are emitted to the atmosphere and deposited 

in water and soil, the addition of hydrogen ions (H+) may result in a decrease in the pH of the water body. 

This results in a decline of coniferous forests and increased fish mortality. 

 The most significant man-made sources of acidification are combustion processes in electricity, heating 

production and transport. The contribution to acidification is greatest when the fuels used contain sulphure. 

Acidification can be caused by emissions to air, water and soil. For instance when gaseous SO2 is released 

and reaches a water body, it reacts with H2O to form the acid H2SO4. 

 Acidification is an impact which mainly affects the environment on a regional scale. 

 Reference unit: mol H+ -equivalents 

Eutrophication (terrestrial and aquatic)  

 Eutrophication is an impact on the ecosystems from substances containing nitrogen (N) or phosphorus (P). 

As a rule, the availability of one of these nutrients will be a limiting factor for growth in the ecosystem, 

and if this nutrient is added, the growth of algae or plants will be increased. In aquatic ecosystems this 

can cause the occurrence of situations without oxygen in the bottom strata due to the increased algal 

growth and subsequent breakdown of algae in the bottom. On land, ecosystems poor in nutrients are 

gradually disappearing as a result of the addition of nitrogen. 

 Emission of nitrogen to the aquatic environment are caused largely by the agricultural use of fertilizers, 

but oxides of nitrogen from combustion processes are also of significance for both aquatic and terrestrial 

ecosystems. The most significant sources of emissions of phosphorus are sewage treatment plants for 

urban and industrial effluents and leaching from agricultural land. Free nitrogen is not regarded as a 

contributor to eutrophication: this because emission of N2 has no additional fertilizing effect. 

 Eutrophication is an impact which affects the environment on both local and regional scales. 

 Reference units: terrestrial eutrophication “mol N-equivalents”; freshwater: “kg P-equivalents”; marine: kg 

N-equivalents 
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Resource depletion (mineral/fossil/renewable)  

 The earth contains a finite amount of non-renewable resources, such as metals and fuels. Depletion of 

resources can be described as the decrease of availability of the total reserve of potential functions of 

resources, due to the use beyond their rate of replacement. This impact category considers the effect on 

both renewable and non-renewable resources. Depletion of minerals and fossil fuels falls within the 

category non-renewable resources, while extraction of water, wind (abiotic) and wood (biotic) falls within 

renewable resources. 

 Resource Depletion is assessed as the future consequences of resource extraction. The basic idea behind 

it is that extracting a high concentration of resources today will force future generations to extract lower 

concentration or lower value resources. This results in the need for additional efforts which can be 

translated into higher energy or costs, and thus leads to an increased impact on the environment and 

economy. 

 Reference unit for resource depletion mineral, fossil, and renewable: kg antimony (Sb) equivalents. 

Water Use  

 Resource depletion related to water is assessed as the future consequences of resource extraction. This 

is currently assessed through country-specific characterization factors, on the basis of the overall 

withdrawals in relation to the availability of freshwater resources 

 Reference unit for water resource depletion: m3 water use related to local scarcity of water 

Land Use 

 The impact category Land Use reflects the damage to ecosystems due to the effects of occupation and 

transformation of land. Examples of land use are agricultural production, mineral extraction and human 

settlement. Occupation of land can be defined as the maintenance of an area in a particular state over a 

particular time period. Transformation is the conversion of land from one state to another state, e.g. from 

its original state to an altered state or from an altered state to another altered state. Often transformation 

is followed by occupation, or occupation takes place in an area that has previously been transformed. 

 The impacts can be described by different quality indicators, such as species loss, primary production, soil 

organic matter content and soil loss. 

 Reference unit: kg C deficit 


