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Executive summary  

This report is the Deliverable 4 from the Administrative Arrangement: Indicators and targets for the reduction 

of the environmental impact of EU consumption: Methodology for 2020 targets based on environmental impact 

indicators. 

 A significant decoupling of environmental impacts from economic growth requires use of comprehensive set 

of policy instruments. Among such instruments, policy targets are aimed at reducing environmental burdens 

associated with consumption of goods and services (products). These burdens include all environmental 

impacts that happen along the supply chain of products, as well as during use and at the end of their life. This 

implies assessing all the steps along a product life cycle. 

The objective of this report is the presentation of a methodology, developed by EC-JRC, to propose 2020 targets 

based on the life cycle indicators at the product level (basket of products). These indicators account for the 

relative environmental impact of different products (or consumption categories). In addition they can be 

benchmarked against the overall environmental pressure of consumption in the European Union, while 

facilitating more detailed analysis of hotspots. They equally facilitate coherence between micro and macro-

scale insights; i.e. between the EU and product levels. 

The proposed methodology aims at adopting LCA as reference methodology for setting targets on products, 

ensuring that existing targets at the macro-scale are taken into account (reflecting current policy priorities). 

This is complemented by the analysis of the hotspots of environmental impacts associated with product’s life 

cycle. It is designed to set realistic and achievable targets for the reduction of the environmental burdens of 

European consumption. It is developed to help policy makers to move the EU economy towards more 

sustainable consumption patterns, while not only maintaining but also improving the well-being of EU citizens 

through eco-innovations. 

The methodology makes use of LCA in different stages: both in the hotspots identification and in the evaluation 

of the benefit associated to possible improvement to reduce the most relevant impacts. Indeed, firstly, LCA 

allows for identification of the current hotspots along the life cycle of products, as well as key contributors to 

different impact categories. Secondly, in order to define the improvement potentials to reduce hot-spots, the 

feasibility of applying sustainability principles and strategies as well of capitalising information and data 

gathered from front-runners (in terms of actions for reducing environmental impact) in selected sectors are 

assessed. To verify the potential benefits, avoiding burden shifting from one impact (or life-cycle stage) to 

another, technological eco-innovations are assessed through Life Cycle Assessment (LCA) for identifying the 

best functional or technological alternatives. This, in turn, will help focussing policy as well as research funding 

on activities that will support reducing environmental impact of European consumption using different target 

options. The proposed methodology may benefit and may potentially be integrated with current product 

benchmarking exercises related to development of product category rules in the context of product 

environmental footprint (PEF). 

The report is organized as follows: the introduction aims at presenting the aims of the deliverable and the 

reasons why LCA has been chosen as reference methodology. Given the complexity of the issues related to 

target setting, section 2 is devoted to the presentation of the theoretical foundation of target setting, namely 

exploring different rationales and approaches to target setting, listing current known limitations. Recognising 

that one of the major limitation in target setting at product level (micro-scale) is the relationship and the 

coherence between micro scale and macro scale policies, section 3 reports a conceptualisation of the elements 

of micro-macro relationship (production, consumption, local context, and infrastructure). Section 4 illustrated 

the LCA based methodology for target setting, whereas in section 5, a discussion on the proposed methodology 

as stemming from the expert workshop (29-30 September 2014) has been introduced. The main text is 

complemented by several thematic annexes needed to support the methodology. 
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Glossary and Abbreviations 

Definiendum Definition 

Best available 

technology (BAT) 

Best available technology (or just BAT) is a term applied with regulations on limiting 

pollutant discharges with regard to the abatement strategy. The term constitutes a 

moving target on practices, since developing societal values and advancing 

techniques may change what is currently regarded as "reasonably achievable", 

"best practicable" and "best available". 

Biocapacity Biocapacity is the capacity of an area to provide resources and absorb wastes. 

When the area's ecological footprint exceeds its biocapacity, an ecological deficit 

occurs. Biological capacity available per person (or per capita): there were 12 billion 

hectares of biologically productive land and water on this planet in 2008. Dividing 

by the number of people alive in that year, 6.7 billion, gives 1.8 global hectares per 

person. This assumes that no land is set aside for other species that consume the 

same biological material as humans. 

Carrying capacity  The carrying capacity of a biological species in an environment is the maximum 

population size of the species that the environment can sustain indefinitely, given 

the food, habitat, water and other necessities available in the environment. In 

population biology, carrying capacity is defined as the environment's maximal load, 

which is different from the concept of population equilibrium (Hui,2006;Sayre, 

2008) 

Cradle to cradle Cradle to Cradle is a biomimetic approach to the design of products and systems. 

It models human industry on nature's processes viewing materials as nutrients 

circulating in healthy, safe metabolisms. It suggests that industry must protect and 

enrich ecosystems and nature's biological metabolism while also maintaining a 

safe, productive technical metabolism for the high-quality use and circulation of 

organic and technical nutrients. 

Critical load A quantitative estimate of an exposure to one or more pollutants below which 

significant harmful effects on specified sensitive elements of the environment do 

not occur according to present knowledge. 

Dematerialisation In economics, dematerialization refers to the absolute or relative reduction in the 

quantity of materials required to serve economic functions in society. In common 

terms, dematerialization means doing more with less.  

Driver A natural or human-caused forcing that causes change in an ecosystem. Drivers 

can be direct (proximate) or indirect (ultimate) depending on the perspective or 

scale. For example, deforestation is a proximate driver of habitat fragmentation, 

whereas economic demand for timber is an ultimate driver of deforestation and 

therefore fragmentation. (Brook et al 2013) 

Environmental 

quality standard 

(EQS) 

EQS means the concentration of a particular pollutant or group of pollutants in 

water, sediment (any material transported by water and settled to the bottom) or 

biota (all living organisms of an area) which should not be exceeded in order to 

protect human health and the environment. 

Footprint  A “footprint” is a quantitative measurement describing the appropriation of natural 

resources by humans. A footprint describes how human activities can impose 

different types of burdens and impacts on global sustainability (Čuček et al 2012) 
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Definiendum Definition 

Impact categories  Class representing environmental issue of concern (ISO 14040). E.g. Climate 

change, Acidification, Ecotoxicity etc. See Annex 1 for a full list of impact categories 

and related models and indicators  

Life Cycle 

Assessment (LCA) 

LCA is a methodology for the systematic evaluation of the environmental aspects 

of a product or service system through all stages of its life cycle. 

Life Cycle Impact 

Assessment (LCIA) 

LCIA is a step of LCA, in which the emission and the resources associated to each 

life cycle stage of a products are evaluated in terms of environmental impacts, 

covering a wide variety of impact categories (e.g. climate change, acidification, 

eutrophication etc).It allows understanding and evaluating the magnitude and 

significance of the potential environmental impacts of the product system(s) under 

study. EC-JRC has developed a guidance for LCIA (EC-JRC, 2011), identifying 

models and indicators for 14 impact categories. 

Maximum 

sustainable yield 

(MSY) 

In population ecology and economics, maximum sustainable yield or MSY is 

theoretically, the largest yield (or catch) that can be taken from a species' stock 

over an indefinite period. Fundamental to the notion of sustainable harvest, the 

concept of MSY aims to maintain the population size at the point of maximum 

growth rate by harvesting the individuals that would normally be added to the 

population, allowing the population to continue to be productive indefinitely. 

Normalisation According to ISO 14044 (ISO, 2006), normalization is an optional interpretation step 

of a complete LCA study. Normalisation allows the practitioner to express results 

after characterization using a common reference impact and it may be particularly 

of help if results need to be communicated to policy makers. Using normalization 

references in combination with weighting factors, the relative magnitude of an 

impact may be related to other impacts in the life cycle with a common unit.  

Normalisation 

factors  

In the context of LCA, normalisation factors represent reference quantity (in terms 

of overall emission and used resources) related to production or consumption either 

at global scale or at country scale. 

Planetary boundaries A framework concept developed by Rockström et al (2009) to define a desired 

operating range for essential Earth-system features and processes. Transgressing 

a terrestrial planetary boundary implies a risk of damaging or catastrophic loss of 

existing ecosystem functions or services across the entire terrestrial biosphere. 

Target Target is the quantitative measure of reduction (or increase) from a given 

reference, regardless of the scale (macro, meso, micro), foreseen over time and or 

space (less common). 

Tipping point The tipping point is the critical point at which strong nonlinearities appear in the 

relationship between ecosystem attributes and drivers of impacts; once a tipping 

point threshold is crossed, the change to a new state is typically rapid and might 

be irreversible or exhibit hysteresis (Brook et al 2013). 

Threshold  A discontinuity whereby a small change in a driver exerts the largest change in an 

attribute or state of an ecosystem; this shift is typically (but not exclusively) abrupt 

(Brook et al 2013). 

Zero waste Zero waste is a whole-system approach, a guiding design philosophy for eliminating 

waste at source and at all points down the supply chain. 
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Acronyms 

AoP  Area of Protection 

BAT  Best Available Technology 

BoP  Basket of Products 

CFs  Characterisation Factors 

EPLCA  European Platform on Life Cycle Assessment 

ILCD  International Life Cycle Data system 

LCA  Life Cycle Assessment  

LCI  Life Cycle Inventory 

LCIA  Life Cycle Impact Assessment 

PEF  Product Environmental Footprint  

PEFCR  Product Environmental Footprint Category Rules 

SETAC  Society of Environmental Toxicology and Chemistry 

SLCA   Social Life Cycle Assessment  

UNEP   United Nations Environment Program 

DPSIR  Determinant Pressures State Impact Responses 
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1 Introduction 

A significant decoupling of environmental impacts from economic growth requires the definition of specific 

targets aimed at reducing burden associated to production and consumption of goods and services, enhancing 

sustainability of production and consumption (following sustainability principles). The 7th EU EAP is advocating 

the development of methodologies for measuring and benchmarking the efficiency of land, carbon, water and 

material use assessing the appropriateness of the inclusion of a lead indicator and targets.  

The goal of “living well within the limits of our planet”, poses a number of challenges, such as: 

i) the identification and quantification of appropriate indicators 

ii) the identification of the limits of our planet in a qualitative and quantitative way;  

iii) better consistency between product policies and territorial policies at macro scale (within EU such as 

Water Framework Directive, Waste directive, Air quality directive; as well globally, e.g the Millennium 

Development goals);  

iv) the identification of the relative contribution of production and consumption in the achievement of 

macro-scale goals, ensuring coherence between micro scale (product level) and macro scale 

(territorial level) policies. This will also affect the possibility of ensuring not only a relative decoupling 

but also the absolute one. 

The objective of this report is the development of a methodology to propose 2020 targets extensively using 

Life Cycle Thinking (LCT) and Life Cycle Assessment (LCA) as reference methodology. Indeed, building on the 

work of other deliverables of the present AA1  the targets will be based on the life cycle indicators at the 

product-group/consumption category level (Basket of Products - BoP) accounting for relative importance of 

specific products and life cycle stages related to overall environmental impact. 

More specifically, the aims of the report are threefold: i) exploring the theoretical foundation of target setting 

to clarify the relevance of adopting LCA as reference methodology ii) defining a life cycle -based systematic 

approach to set targets, enhancing comprehensiveness compared to existing exercise of target setting; ii) 

highlighting the role of life cycle thinking and life cycle assessment for identifying hot spots of impacts and 

steering future eco-innovation while avoiding burden shifting among impact categories (e.g. climate change, 

ecotoxicity etc) and life cycle stages (e.g. production, use, and end-of-life waste management). 

This effort is coherent with the principles set in a resolution adopted by the European Parliament2, which 

outlined priority actions to address: the three key areas of food, housing, and mobility; a functioning European 

market in recycling and reuse; boosting research and technological innovation; agreeing on indicators and 

targets; extension of ecodesign; and integration of resource efficiency in other areas. The resolution advocated 

clear, robust and measurable indicators for economic activity that take account of climate change, biodiversity 

and resource efficiency from a life-cycle perspective, for example in the form of a basket of four resource use 

indicators, namely land footprint, water footprint, material footprint and carbon footprint, and to use these 

indicators as a basis for legislative initiatives and concrete reduction targets; underlines that this process has 

to be transparent and include key stakeholders. 

1.1 Why using Life Cycle Assessment (LCA) to help setting targets? 

Life Cycle Thinking (LCT) is a core concept in Sustainable Consumption and Production (SCP) for business and 

policy. 

The environmental pillar of LCT is primarily supported by Life Cycle Assessment (LCA), an internationally 

standardised tool (ISO14040 and ISO14044- ISO, 2006) for the integrated environmental assessment of 

products (goods and services). Upstream and downstream consequences of decisions must be taken into 

                                                        

1 especially del 3, del 5 and the workshop 

2 P7_TA(2012)0223- European Parliament resolution of 24 May 2012 on a resource-efficient Europe (2011/2068(INI))-  

http://www.europarl.europa.eu/oeil/popups/ficheprocedure.do?lang=en&reference=2011/2068%28INI%29
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account to help avoid the shifting of burdens from one impact category to another, from one country to another, 

or from one stage to another in a product’s life cycle from the cradle to the grave. 

Life cycle thinking (LCT)—due to its systemic approach—is considered to provide a valuable support in 

integrating sustainability into design, innovation and evaluation of products and services. Evidence thereof is 

given in the numerous policies at European (e.g. CEC 2004; CEC 2005; CEC 2008; CEC 2010; CEC 2011) and 

international level (e.g. UNEP 2004 and 2012) in which LCT represents the backbone. In fact, life cycle-based 

methodologies and- in particular the life cycle assessment (LCA) - are inherently rooted into sustainability 

science at the conceptual level.  

 

Figure 1 Life Cycle Assessment aims at assess the environmental impact of a product along the 

entire product life cycle, namely from extraction of raw materials up to production, distribution, 

use, waste collection and disposal. 

LCA focuses primarily on burdens linked to emissions and resources, while emerging Social Life Cycle 

Assessment (SLCA) complements this in relation to working hours/conditions to more complete the environment 

and socio-economic analysis.  

A Life Cycle Assessment consists of four phases (ISO 14040):  

 In the Goal and scope definition phase, the aim of the LCA is defined and the central assumptions and 

system choices in the assessment are described.  

 In the Life Cycle Inventory (LCI) phase, the emissions and resources are quantified for the chosen 

product.  

 In the Life Cycle Impact Assessment (LCIA) phase, these emission and resource data are translated 

into indicators that reflect environment and health pressures as well as resource scarcity, covering, in 

current EU recommendations (EC-JRC, 2011 as applied also in Product Environmental Footprint), 14 

impact categories (Figure 2). This calculation is based on factors which represent the predicted 

contribution to an impact per unit emission or resource consumption (elementary flow). These factors 

are generally calculated using models (see Annex 1 for the list of impact categories and models). 

 In last phase, the Interpretation phase, the outcome is interpreted in accordance with the aim defined 

in the goal and scope of the study. The step of the interpretation may also involve political judgement 

like weighting impacts on ecosystems and human health against impacts on natural resources (e.g. 

use of refrigerants that are highly energy efficient but more hazardous or deplete the ozone layer). 
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Figure 2 Basic scheme of Life Cycle Assessment. After the life cycle inventory (LCI) of all the 

emission and resource used for producing a product, these emissions and resources are evaluated 

against a number of different impact categories (such as climate change, acidification, ecotoxicity 

etc). The impact on different impact categories may then, be associated with three Areas of 

Protections (AoP): human health, ecosystem health, natural resources. 

LCA has been traditionally oriented to evaluation of products (existing or in the design phase) in order to identify 

how to improve their environmental performances. More and more, there is the need to include future scenarios 

in the methodological framework. Indeed, according to Sala et al 2012 and De Camillis et al 2013, specific 

methodologies are needed in order to analyse the present situation, to define future scenarios and to assess 

the capability of policies, plans and actions to provide adequate solutions. The use of LCA is fundamental for 

robust target setting in the policy context, as through the application of LCA it is possible to: 

 assess environmental performance of representative products, helping in contribution analysis in terms of 

most important impact categories and most relevant life cycle stages implying an impact  

 avoid burden shifting over impact categories (increasing impact in an impact category while reducing the 

impact on another) and over life cycle stages (e.g. increasing impact in the end of life while reducing the 

impact in the use phase) 

 run scenarios under specific assumptions in terms of production and consumption patterns to estimate 

impacts associated to possible future scenarios 

 assess environmental impacts and benefits associated to the implementation of the targets (either as 

technological solution, behavioural change, infrastructural change) 

 cover the entire supply chain, both European and extra European (see figure 3) 

 

Figure 3 Product and territorial policies should benefit of life cycle assessment approach to the 

analysis of supply chains, as scenarios and modelling could be developed for each element of the 

supply chain. Distribution of life cycle stage intra and extra EU is a fictive example. 

For each stage of a product life cycle
(e.g. resource extraction,
manufacturing, use etc) data on
emissions into the environment (e.g
CO2, benzene, organic chemicals) and
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2 Theoretical foundation of setting targets 

2.1 Introduction to theoretical element of setting target  

As general definition, targets are a quantitative measure of reduction (or increase) from a given reference, 

regardless of the scale (macro, meso, micro), foreseen over time and or space (less common). An environmental 

target is a performance requirement. As such, environmental targets are derived from environmental objectives 

and are used to help achieve these objectives. 

Targets may have different nature, namely: targets on pressures (emissions, resource consumption, 

recyclability, waste production, etc.), targets on quality/state of the environment (e.g. chemical and biological 

quality of water) as well on specific impacts (e.g. human health, ecosystem health). 

Targets should be relevant, achievable, effective, and socially acceptable. Targets should be designed to 

consider the context, especially at macro scale (e.g. megatrends) and at meso and micro scale (e.g. market 

trends). 

Regarding who should achieve the target, they could be theme-specific, sector-specific, etc. Concerning the 

commitment towards the achievement, we may identify: internationally binding targets; EU binding targets set 

as requirements for member states, as well as more voluntary targets (e.g. to be achieved by a company)  

2.1.1 Targets as social constructs 

First of all it is fundamental to recognize that targets (both binding and not binding) are socio-political choices. 

Targets stem out from a compromise between stakeholders and policy makers perspectives and visions (e.g. 

short vs. long term), which are, in turns, based on the issues at stake as well as on the knowledge of the effects 

that are expected to occur because of the implementation of the targets (expected benefit and impacts). This 

includes the uncertainty characterizing it. In general, policy targets are set as their imposition and, possibly, 

their actual implementation, is evaluated to be beneficial for the society. Such assessment is done on the basis 

of an impact assessment procedure.  

When target setting is applied to simple systems (i.e. whose underlying dynamics are well known and that can 

be described with low degree of uncertainty) and when the stakes in place are not highly controversial, the 

definition of a target (or standard) is then straightforward. Unfortunately, this is not the case when dealing 

with target setting at macro-scale (e.g. the entire economy or only some sectors, as well as groups of products).  

When target setting is applied to cross-cutting issues which are characterized by multiple scales and which 

affect multiple actors within different societies, such as in the case of GHGs emissions cap, the underlying 

phenomena are complex (i.e. characterized by huge uncertainties) as feedback mechanisms and impredicative 

loops apply (Giampietro et al., 2014), the process of setting target is all but a straightforward exercise, as the 

different perspectives and system of values characterizing the views of stakeholders, researchers and policy 

makers play an important role in determining the target itself. 

Such behaviour is very evident for instance in the climate change debate on mitigation vs. adaptation strategies 

to be pursued to face global change. It is well known that the output of global climatic models on GHGs 

emissions increase and consequent effects on climate are affected by very high spans of uncertainty (IPCC, 

2013). On top of that, the stakes implied by the effect of acting against or non-acting against climate change 

are huge and there is lack of agreement on whether to act through mitigation or adaptation, as evident from 

the discussion which took place after the publication of the so-called Stern review (Stern, 2006) between those 

contesting the ground of the cost-befit analysis and those not, and the focus on the quality of the assumptions 

underlying the assessment (Stern and Taylor, 2007; Nordhaus, 2007), along with the meaningfulness of the 

sensitivity analysis provided by Stern (Saltelli and D’Hombres 2010). 

When such combination of conditions applies, the decision context falls under the domain of the so-called 

‘post-normal science’ (PNS) (Funtowicz and Ravetz, 1990), where facts are uncertain, values controversially 

debated, stakes high and decision urgent. The diagram below, as proposed by Funtowicz et al. (1999) well 

depicts the underlying concept of PNS by means of a chart with two axes, namely ‘system uncertainties’ and 
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‘decision stakes’, which help in identifying decision contexts (i.e. applied science, professional consultancy and 

PNS). As proposed by the authors of the concept, when both variables are low we are in the context of applied 

science, when classical scientific approaches are enough for addressing the policy question (e.g. lab-scale 

research, under controlled conditions is representative of this context). Professional consultancy, on the other 

hand, applies to complicated systems (i.e. when a high number of variables are needed at the same time to 

control the system behaviour) for example the construction of a building, for which several parameters need 

be under control and for which the experience in the field allows for a better understanding of it. The PNS 

paradigm applies when the system is complex enough for having high uncertainty and the stakes of the decision 

are high. According to this paradigm the decision stakes of the various stakeholders must also be reckoned 

with (Funtowicz and Ravetz, 1994) and the contribution of them is not only a matter of democratic participation; 

it is a means through which assuring the quality of the process itself, which overall, according to Funtowicz and 

Ravetz (1999), is based on an ‘extended peer community’. 

 
Figure 4 Post-normal science paradigm (from Funtowicz et al., 1999) 

So, according to the PNS paradigm, any policy decision, including target setting, which is taken under PNS 

conditions should be made on the basis of participatory processes involving an extended community of peers 

(including all stakeholders), as no unique description of the system can be made and a plurality of legitimate 

perspectives applies.  

As it can be derived from going through EC impact assessment studies3 on policy proposals, it is evident that 

very often impacts are assessed through modelling exercises, very often integrated assessments covering 

economic, environmental and social aspects. Modelling, by definition, means to develop a set of coherent 

assumptions. The mutual consistency of these assumptions, their acceptable sensitivity to the outputs as well 

as transparency and the correct interpretation of models’ outcomes to the policy question to be answered 

(Maxim and van der Sluijs, 2011; Saltelli et al., 2012; Saltelli and Funtowicz, 2014) should make them credible 

and acceptable by an extended community of peers and, hence, could improve society’s choices.  

An example of the relevance of this concept to the definition of targets is the policy negotiation occurring under 

the umbrella of the UNFCCC framework, namely Conferences of the Parties (COP), on target setting in the 

context of climate change and GHGs emissions, which occurs on an international scale and includes world’s 

countries representatives, NGOs, producers associations, etc. Similarly, the European Commission recognizes 

the need for consultation and involvement of stakeholders in the definition of targets, as it can be denoted 

from the scheme of decision making within the EU in the context of Ecodesign (EC – DG ENTR, 2014) as depicted 

below. 

                                                        

3 Available at http://ec.europa.eu/smart-regulation/impact/index_en.htm Last update: 17/06/2014 
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Figure 5 Decision making within the EU, from the EC-Ecodesign website 

The abovementioned introduction depicts the complexity of the policy process that may lead to set 

sustainability-related targets. The focus of the present work is to support an evidence based methodology for 

setting the targets, which will be then considered as argument in the context of policy development and policy-

based target setting.  

2.1.2 Planetary boundaries and earth carrying capacity. Evidence-based targets: 

do they exist? 

Increasingly, there is a request of evidence-based policies and targets4 , in which scientific evidences are 

considered and discussed in the process of policy development. For instance, considering climate change related 

policies setting target of emission reduction, science comes into play at the level of the definition of an 

‘acceptable increase in temperature’ by 2 degrees C. Is this a purely science-based value? No. 

Regarding environmental sustainability, recent publications are proposing the concept of planetary boundaries 

that should not be trans-passed. In the paper by Rockstrom et al. (2009), availability of evidence-based 

thresholds for a safe operating space for humanity was discussed, charting research needs for identifying 

planetary boundaries (Figure 6). The boundaries are related with the evaluation of the Earth’s carrying capacity, 

including multi-scale spatial and temporal dynamics. For example some impacts of biodiversity and ecosystem 

changes are local, others are national, regional, or global. Some are extremely fast, others occur on very long 

time scales (Perrings et al 2011). Of course, the identification of environmental tipping points above which 

there are irreversible consequences is very difficult. However, evidences exist that on a number of different 

environmental issues the boundaries have been triggered and a risk of huge impact is very likely. 

 

Figure 6 The planetary boundaries for different impact categories and the level in which current 

society is positioned (in red, boundaries which are transpassed). (Rockstrom et al 2009) 

                                                        

4 Evidence-based targets at international and EU level, e.g.: phasing out of CFCs since Montreal protocol, based on evidence that they 

indeed affect the ozone layer. Also health related issues: banning of particular pesticides (DDT), dioxin emissions … 
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The planetary boundary concept is very close to and stems from an ecological concept developed in the 60’s5 

the earth carrying capacity. Sayre (2008) explains that eventually, “the term carrying capacity shed its 

connection to the levying of duties” and, “refers to the amount of X that Y was designed to carry.” For example, 

quantitative carrying capacity estimates, assigned to new farming allotments, more easily allowed government 

to compare and regulate new lands and bankers to more readily capitalise the process. Once the quantification 

of maximum livestock numbers was entrenched in farming practice and regulatory structures, it became 

evident that the concept could equally be applied to native wildlife and by the 1920s, game managers began 

estimating the number of deer, quail and other game species natural environments might support. 

Consequently, Sayre (2008) argues that carrying capacity approaches to wildlife planning in the twentieth 

century were responsible for positive outcomes, such as the stabilisation of numbers and distribution of species, 

but also for ongoing problems such as compromising genetic diversity and ecosystem function through the 

manipulation of otherwise natural processes. 

By the 1940s attention turned to the possibility that carrying capacity could also be applied to human 

populations and Leopold was at the vanguard. Leopold et al. (1941) compared the human carrying capacity of 

America to pre-colonisation levels for indigenous Americans, concluding that, “When we arrived on the scene 

we raised the carrying capacity of the land for man by means of tools.” According to Cohen (1995), there were 

various carrying capacity calculations world-wide prior to this time, but none that defined the process as a 

carrying capacity assessment.  

While the application of carrying capacity analysis has differed throughout history, essentially the concept 

remains unchanged. In measuring human carrying capacity, areas of land are assessed for the extent to which 

they can support human life, as it is assessed, for example, using ecological footprint (Wackernagel 1996). 

House and Williams (1975) define the concept as, “the level of human activity that a region can sustain at 

acceptable quality of life levels,” inferring a bias towards qualitative societal constraints. Alternately, Whittaker 

and Likens (1975) take a more ecologically quantitative view of carrying capacity in describing it as, “the size 

of the human population that can be supported on a long-term, steady-state basis by the world’s resources 

without detriment to the biosphere.” 

The current challenges of carrying capacity development are related to the capability of providing as much as 

possible quantitative evaluation of the limits of a certain environmental system as well as taking into account 

operational and technological limits (e.g. Castellani and Sala, 2012).  

In the LCT/A context, the carrying-capacity needs to also be addressed for a larger range of environmental and 

socio-economic considerations. For example, what is the carrying capacity for cancer effects, resource 

consumption, etc..? For these, the discussion is less straightforward as there may be no natural balance. As in 

the example for climate change, no actual carrying capacity may exist and a political decision needs to be 

made at what level is acceptable. This is e.g. unlike acidification, where maps can be made for regions in which 

different levels will be tolerable without exceeding a buffering capacity 

2.2 Target setting within the EU policy and approaches adopted 

The EU legislation incorporates elements of participation in form of stakeholders’ consultation and tries to 

assure effectiveness as well as the high quality of the directives proposing binding targets, by means of impact 

assessment studies.  

Several examples of target setting exist, covering different issues and scales of action. For example, there are 

targets at the level of the whole economy for future GHGs’ emission for the EU in 2030 and 2040 (CEC, 2014), 

and targets referring to the reduction of energy consumption at the level of single products in the European 

market, namely the (Ecodesign) Directive 2009/125/EC. Traditionally, environmental targets are defined at both 

the macro and the micro scale. At the macro-scale, there are target for reducing specific environmental 

pressure (e.g. CO2 reduction) usually referring to the objective of not overcoming specific thresholds considered 

                                                        

5 The terms has an older origin back in 1800, while it can be assumed that pastoralists may have commonly had a reasonable idea of 

how many animals their land might potentially carry, the term became bureaucratically entrenched in the U.S. at a time of agricultural 

expansion in the late 1800s. 
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critical (e.g. the 2° C degree increase in earth surface temperature by IPPC). Increasingly, those macro scale 

targets are translated in micro-scale target affecting product policies (e.g. the reduction of CO2 emission per 

Km in the automotive sectors) as well as in industrial policies (e.g. the reduction of emissions due to certain 

production under the emission trading scheme), either by using mandatory instruments such as emission 

quotas which are strictly related to the targets set at a higher scale (e.g. sector to overall economy, such as 

the EU-Emission Trading Scheme) or by adopting measures that could, potentially, contribute to the overall 

reduction in energy consumption (e.g. implementation of standards on energy consumption at the level of single 

devices through the Ecodesign directive). 

The targets in the above-mentioned examples refer to specific life cycle stages of production or consumption 

and, very often are not meant to comprehensively cover all the life cycle stages. 

Targets could be set by adopting a variety of approaches, either top-down (from macro-scale to micro scale) 

and bottom-up, each of them presenting pro and cons, in terms of overall consistency as presented in table 1.  

A combination of the different approaches is needed in order to set proper targets ensuring that micro and 

meso scale targets are concurring to the achievement of macro scale targets. Ideally, a target for an economic 

sector/product group should be based on the analysis of: 

 the environmental profile associated to consumption patterns over the life cycle of a products  

 the integrated environmental assessment of a wide variety of impact categories for avoiding burden 

shifting (e.g. use of refrigerants that are highly energy efficient but more hazardous or deplete the 

ozone layer; the use of biofuel reducing reliance on fossil fuels but inducing land use changes which 

may have significant environmental burdens) 

This should be complemented with proper assessment of the feasibility for the specific sector/ product group 

to achieve the targets as well with a socio-economic assessment of the implication of the targets achievement. 

An overview of existing target at macro scale in Europe is reported in Annex 3. 

Table 1 Different approaches to target setting, covering different scales and level of interventions 

needed  

Methodology 

for setting the 

targets 

Description pros cons 

Targets at the 
macro-scale 
directly applied 
to 
products/sectors 

• Linear application of 
macro-scale targets to a sector 
(e.g. food) 

• No need of 
balancing relative efforts of 
different sectors 

• Unfeasibility for some 
sectors 
• Assumption that 
consumption patterns are 
relatively stable/steady 
• Limited exploitation of 
the benefit potential of a 
sector compared to another  

Targets specific 
for 
sectors/product 
groups 

• Application of the macro-
scale target to the sector and 
product categories, according to 
relative importance of the sector 
compared to the other 
(environmental impact based on 
pressure indicators or on  LCA 
results) 
• Relevant synergy with 
product category rules 

• Focus on most 
relevant sectors contributing 
to environmental impact 

• Need of conducting 
LCA on a high number of 
products to increase reliability 
of the results  

Targets specific 
for life cycle 
stages 

• Targets focusing on 
specific products and specific life 
cycle stage of the products, based 
on LCA 

• Very specific and 
detailed contribution 
analysis of the impacts  
• Support to policies 
based on Pareto approach 
(focus on a specific process/ 
intervention that may be the 

• Need of conducting 
LCA on a high number of 
products to increase reliability 
of the results 



 

17 

 

Methodology 

for setting the 

targets 

Description pros cons 

responsible of significant 
share of the impacts) 

Targets based 
on existing eco-
innovation 

• Targets based on review 
of existing eco-innovation and in 
their feasibility and potential of 
achievement 
• LCA based analysis of the 
relative contribution of the eco-
innovative products for reducing 
the impacts 
 

• Higher feasibility 
compared to previous 
options  

• There is the risk that 
the future targets are lead not 
by environmental relevance 
and urgency but by the choice 
made by frontrunners in a 
specific sector (e.g. the eco-
innovation may stem form the 
need of reducing cost and not 
to reduce the most polluting 
process) 

Targets based 
on the 
application of 
sustainability 
principles 

• Targets focusing on the 
application to a specific sector 
/products of ecodesign and 
sustainability principles (e.g. zero 
waste, cradle to cradle). In this 
case targets are perceived more 
as strategies towards 
environmental impact reduction 
rather than real quantitative 
targets 

• Provision of guiding 
principle, steering innovation 
and implementation of 
innovation in products  

• Feasibility may be 
questioned 

2.3 Current limitations in target setting 

The limitations characterizing target setting are mostly due to the difficulty of adopting a holistic and 

comprehensive view of a variety of environmental as well as socio-economic dimensions (e.g. climate change, 

water resources, acidification, etc.) and perspectives (e.g. production vs. consumption; domestic and or trade; 

local vs. global; cradle-to-gate vs. gate-to-gate vs. cradle-to-grave). Integrating all of these elements is very 

difficult and, at least to the knowledge of the authors, it has not been directly attempted, as target setting is 

very frequently environmental-issue specific, covering one environmental burden at a time. Indeed, general 

shortcomings of target setting can be, for instance:  

 Interplay between targets in different environmental impact categories; 

 Effect of the target on the system, if considering the different sustainability pillars (e.g expected impacts 

on socio-economic system in reaching and/or after reaching the targets); 

 Rather static approach to future scenarios, as consumption patterns are considered relatively 

stable/steady; 

 Adoption of a life-cycle perspective e.g. cradle to grave, so to avoid burden shifting (e.g. consumption vs 

production perspectives); 

 Acceptance of targets, e.g. if targets on impact of food consumption end up in a reduction of the free 

choice of the individual of what he/she eats (e.g. less meat), social acceptance can become critical; 

 Acceptance of an “evidence-based” target. Targets are to be agreed upon: depending on the interests of 

the stakeholders, evidence is a point of discussion: in principle the positive environmental effects of a 

target policy can only be evidenced (if possible) after the implementation, not ex ante; 

 Coherence between targets set at the micro-scale and those set at the macro-scale (i.e. the fact that a 

target in the context of product policy helps the achievement of target at macro scale, e.g. a good status 

of water as required by the water framework directive).  
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3 Conceptualisation of the relationship between impact at 

micro (product) and macro (regional/continental) scale 

Recognising that one of the major limitation in target setting at product level (micro-scale) is the relationship 

and the coherence between micro scale and macro scale policies, this section reports a conceptualisation of 

the elements of micro-macro relationship (production, consumption, local context, and infrastructure). In fact, 

product policies need to contribute as much as possible to reach targets at the macro-scale (e.g. overall targets 

in terms of water quality as set in the water framework directive, or in the air quality directive). Nonetheless, 

product policies are just one element of a complex system from which micro scale intervention (a product use, 

a single emission etc) may influence the macro scale, as reported in the figure 7. Making a clear link between 

macro and micro scale analyses, and hence targets, is therefore essential. 

 

Figure 7 The elements of the relationship between micro-scale and macro-scale policies. 

Indeed, the elements of the relationship between micro and macro level are complex and interrelated. An 

analysis of the system should take into account at least the following issues: 
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Production: the main aspects to be addressed are: 1. understanding the structure of the economy and its 

evolution over time (share of primary, secondary and tertiary economic sectors; incidence of SMEs; etc); 

2.industrial policy6 affecting the level of clean production; 3. product policies: environmental performance of 

products, from raw material extraction to end of life. 

Consumption: product’s choices in a global market and the behaviour in the use and disposal phase (for 

several sectors this phase influence greatly the overall environmental performance of a product, e.g. a car, a 

diet shift). The central role of consumer is recognised both in scientific literature and within the policy context 

(see Annex 2, for a state of the art on behavioural economics) 

Local context: the current environmental status at local scale may imply local impact as well as impact at 

the macro-scale. Sometimes, the local context exacerbate some impacts and require adjustment of the policies 

(e.g. the Po valley in Northern Italy present a very high concentration of particulate matter not only due to 

emission but also due to climatic conditions reducing the removal of the particles; some rivers in which the  

water framework directive objectives are foreseen to be reach with delay due to existing condition of very low 

environmental quality). Local territorial policies should be also taken into account. 

Infrastructure: the presence and the quality of the infrastructure may influence the overall contribution of a 

product to the achievement of goals at the macro scale (e.g. a bio-based packaging not properly managed in 

the end of life may imply several environmental burdens) 

Therefore, the overall environmental impact (I) at macro-scale is function of the above mentioned elements: 

I= f(P, C, I, L) 

Where: 

P= production (all industrial stages, including End of Life) 

C= consumption 

I= infrastructure 

L= local context  

This equation could be considered as an evolution of the well-known I=PAT equation (I= impact, P= production, 

A= affluence, T= technology) in light of adding elements related to the infrastructures and the role of local 

context. The “T” elements in I=PAT equation is embedded in all the elements of our equation (as technology 

affect the product and the plant producing the product, as well as the infrastructure etc). 

This implies that achieving macro scale objectives requires actions in all the elements of Figure 7, implementing 

action and eco-innovations which entail technological, behavioural, organisational and logistic interventions.  

Moreover, a temporal aspect is a crucial component and need to be considered in the overall micro-macro 

relationship (e.g. the time frame for achieving the target etc). For example, for policies investing in ‘green’ 

choices (example of new metro line) the environmental benefits might be gained over time and the timing of 

emissions has to have an impact as well. Additionally, timing of emissions and market-related issues e.g. time 

in product policy, looking at markets trends, if increasing e.g. products increasingly rely on heavily polluting 

substances, it might be reasonable to introduce a more ambitious target so to compensate for the increase. 

Eventually, also duration of products is important. Indeed, time-scale is considered an obvious dimension for 

targets. 

                                                        

6 There are policies already addressing burden shifting amongst impact categories. Eg. Directive 2010/75/EU of the European Parliament 

and of the Council of 24 November 2010 on industrial emissions (integrated pollution prevention and control) said that “Different 

approaches to controlling emissions into air, water or soil separately may encourage the shifting of pollution from one environmental 

medium to another rather than protecting the environment as a whole. It is, therefore, appropriate to provide for an integrated approach 

to prevention and control of emissions into air, water and soil, to waste management, to energy efficiency and to accident prevention. Such 

an approach will also contribute to the achievement of a level playing field in the Union by aligning environmental performance 

requirements for industrial installations.” 
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The scheme of the relationship micro-macro has also a geographical aspect. Several elements of the scheme 

may be located outside of Europe (e.g. the extra EU production of a product consumed in EU, or the EU 

production of an exported good). Therefore, the import/export elements should be taken as well into account. 

Moreover, there is a geographical aspects also related to where impact occur, e.g. considering that certain 

emission may occur in a context already highly polluted. 

Adopting LCA, all the elements of figure 6 could be modelled and introduced in the assumption of the analysis. 

Ecoinnovation may be introduced in each element and LCA may help assessing where the innovation introduced 

is resulting in a net benefit (without burden shifting). Indeed, LCA assumptions for assessing the different 

products in the basket requires to set specific context of industrial policies (influencing, e.g. the manufacturing 

phase, namely taking into account how product are produced), to set a specific scenario of consumption 

behaviour (e.g. patterns of use of a products, i.e. number of Km per year using private car), to set specific 

scenarios related to infrastructure (e.g. the assumption on end of life/ emission abatement /treatments will 

take into account existing infrastructure)  

Additionally, through LCA we may test the environmental benefit if a specific target is addressing only one 

element (e.g. what if I assume a target of recycling 99% of waste? This may imply quitting all the incinerator 

plants, an increased need of recycling plants, changing the assumption of a previous scenario and changing 

the quality and quantity of the emission profile related to the new waste management choice). 
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4 Methodology for life cycle based targets setting  

The proposed methodology adopts life cycle assessment for supporting a more comprehensive and systematic 

approach to target setting, aiming at: covering all the life cycle stages related to certain sectors/ products, aka 

avoiding burden shifting among life cycle stages; covering a wide range of impact categories, aka avoiding 

burden shifting- avoiding that promoting a target in one impact category (e.g. climate change) implies 

increasing impact in another one (e.g. ecotoxicity). 

The methodology makes use of LCA in different parts of the process: both in the hotspots identification (most 

relevant environmental impacts) and in the evaluation of the benefits associated to possible improvement to 

reduce the most relevant impacts. 

The basic idea is to develop a guideline for target setting adopting LCA as reference methodology  and 

promoting sustainable eco-innovation of products, driven by desirable future environmental status quo at 

macro scale (aka at EU and global level). The guidelines are meant to help defining sector specific and product 

group specific targets, by : i) fostering the understanding of what happens at the system- scale and at the 

macro scale with reference to current situation and to policy goals for 2020; ii) providing ecodesign and 

sustainability principles as check list for improvement; iii) highlighting the contribution of the different elements 

constituting the relationship between micro-scale policies and macro-scale policies (see figure 6). The 

methodology will attempt answering a number of basic needs:  

 comprehensiveness of the background analysis underpinning target setting, covering a wide variety of 

impact categories and life cycle stages; 

 better consistency between product policies and territorial policies (such as Water Framework Directive, 

Waste directive, Air quality directive etc.), covering the elements of relationship between the micro and 

macro scale as depicted in figure 7; 

 translating macro scale targets in the LCA framework/ methodology; 

 easiness of application to different sectors/products; 

 avoiding burden-shifting among life cycle stages related to production and consumption and typologies of 

impacts. 

The LCA-based methodological steps for defining targets are presented in a flowchart (figure 8), as follows: 

1. Identification of the key economic sectors7 responsible of the majority of the environmental impacts; 

2. LCA of the products selected in the basket of products; 

3. Literature review on hotspots for the specific sector/ area of consumption and economic, environmental, 

technological megatrends;  

4. LCA-based hotspots analysis of “basket of products” (BoP), assessing the relevant impacts in the different 

impact categories ( e.g. climate change, acidification, eutrophication etc) and life cycle stages (raw material 

extraction, manufacturing, distribution use, end of life) ; 

5. Feasibility analysis of potential improvement options, entailing the identification of possible solution and 

the verification of the associated benefits; 

6. Quantitative targets proposal; 

7. Identification of policy options, policy development and stakeholders hearings; 

 

                                                        

7 This could be valid also for areas of consumption and products group 
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Figure 8 Flowchart of the LCA based methodology for setting target. The core of the methodological 

development presented in this report is within the dashed lines. Step 7 is the further policy 

development for the adoption of the target set. The target proposal (6) should aim at ensuring 

coherence between micro and macro-scale policies. 

 

4.1 Identification of key economic sectors  

Food, mobility and housing have been recognised as relevant categories of consumption by a number of 

European and international documents. For example, those categories are among those leading to the majority 

of environmental impacts in a life cycle perspective, as stated in study based on environmental input/ output 

analysis (e.g. the EIPRO study, EC- JRC, 2006). An overview of the current situation in Europe is also presented 

in a recent EEA report (EEA, 2012) where summary figures on consumption related impacts are presented. 



 

23 

 

 

Figure 9 Fictive example of the relative contribution of housing, mobility and food sectors over the 

overall environmental impact in 2010.  

The three sectors are the focus of the BoP. Nonetheless, future application of refined environmental 

input/output table (e.g. the applying the updated and extended version of Exiopol-38) could help identifying 

other sectors, the key sectors may depend on how these are aggregate/defined, as well as which impact 

categories are being considered. This is particularly needed if we consider that for specific impact categories 

the drivers of impacts may stem from sectors other than the three selected for the BoP. 

In the proposed methodology, hotspots are mentioned several times. It has to be clarified that hotspots are 

evaluated at three levels. Hotspots in terms of 1. the most important economic sectors and consumption 

categories that imply impact in the environment (e.g. food, mobility, housing); 2. the selection of products within 

each category based on mass/share of the market; 3. the hotspots related to product life cycle analyses to 

identify the life cycle stages that contribute most to each impact category. At the different level, it is very 

important to understand which the hotspots are. 

4.2 LCA of the products in the Basket of products (BoP) 

Process-based LCA of the products in the BoP are necessary to assess the impact associated to representative 

product categories. The assumptions in BoP are key elements for the robustness and representativeness of the 

basket. Details on this stage are reported in Deliverable 5.  

 

Figure 10 Example of LCIA results from the basket of products. For each product, it is possible to 

assign the relative contribution to the total impact due to the different life cycle stages  

                                                        

8 This refer to a new release, in which elementary flows have been extended and the input output tables coupled with MFA  
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4.3 Literature review on hotspots and megatrends 

The analysis of the impacts associated to BoP could be complemented with the analysis of specific hotspots 

and megatrends (e.g. see EEA, 2011) at product category/sector level. A number of very specific and detailed 

sector studies are available in literature and they usually cover a specific typology of impact and life cycle 

stage at the time. For example, there are specific studies on food waste related to manufacturing (e.g. Mirabella 

et al 2014b) or for food products on the analysis of importance of input of nitrogen for the impact related 

eutrophication (e.g. Leip et al 2013). 

4.4 LCA-based hotspot analysis of BoP 

The results of the process based LCA for BoP are the basis for the LCA-based hotspot analysis. The LCA of 

each of the products is carried out up to the so-called ‘normalization’ step i.e. the LCA step in which the 

indicators associated to the product are normalized through a set of factors so to make them comparable each 

other on a given relative scale9. Generally normalization factors represent the overall impact generated within 

a territorial entity (e.g. the globe, Europe). Thus, by dividing the impacts associated to a product by the total 

impact observed on the globe, it is possible to understand whether the contribution of that product to the totals 

is high or not and then to compare different indicators on a common basis (i.e. the share over the totals). The 

hotspots analysis is based on the evaluation of the relevance of the impact in the different impact categories 

and life cycle stages, against three possible reference scenarios: 

 BASELINE: current environmental scenario reflecting the status quo in 2010.  

 POLICY -BASED TARGET in 2020: assuming that all the binding targets at the macro scale are achieved in 

2020 in the different impact categories (see Annex 3 for an overview of the macro-scale targets). Two 

list of normalisation factors has been calculated: i) applying only binding target at 2020; ii) adding to 

binding targets also those targets for 2020 that are under discussion, namely still non-binding.  

 SCIENCE-BASED TARGET in 2020: assuming that binding and non-binding targets are achieved in the 

different impact categories. 

The three scenarios are, indeed, translated into set of normalisation factors, representing reference 

environmental pressure and impacts at the macro scale. The calculation of the sets of normalisation references 

requires two steps: 

 Review of existing policy-based and science-based targets for each impact category10 of the Product 

Environmental Footprint (e.g. climate change, acidification, eutrophication etc) at the macro scale (e.g in 

the context of Water Framework Directive, Air Quality Directive etc), including:  

a. Existing binding targets set at EU level (directives, regulations, etc ); 

b. Existing non-binding targets set at EU level (strategies, communication, e.g. as reported in 

EEA, 2013; 

c. Additional targets reflecting current policy and scientific discourse development (e.g. 

proposed targets in the Annex to resource efficiency communication (CEC2011); Planetary 

boundaries (Rockström et al 2009); Millennium development goals etc). 

This review gives an overview of both actual and possible macro-scale targets - covering the 14 impact 

categories recommended by the ILCD (EC-JRC, 2011). These targets should be taken into account in 

setting targets for product policies, ensuring coherence between micro-scale and macro-scale policies. 

The resulting normalisation references sets are reported in Annex 4, complemented by the 

                                                        

9 Traditionally, normalisation cannot be used as a basis to cross-compare as the absolute indicators for a given region are not directly 

equivalent in terms of importance. For example, the impacts of the EU’s climate change contributions cannot be easily compared to the 

absolute indicator for resource scarcity. This is only achievable within some area of protection using natural science, but primarily using 

socio-economic approaches to weighting. 

10Full list of impact categories available as Annex 1 
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methodological description of how the existing targets have been used to modify 2010 inventory and 

to calculate other normalisations sets for 2020.  

 Assessing environmental relevance, and identification of hotspots, in the different components of the 

basket (food, mobility and housing) comparing LCA results to STATUS QUO11 and to DESIRABLE STATUS 

QUO12 in terms of magnitude of the environmental impacts. The status quo will be assessed through the 

resource efficiency life cycle indicators (based on inventory of emission and impacts for all impact 

categories) used to calculate the set of normalisation factors13 for 2010. The desirable status quo will be 

assessed applying macro-scale targets to the status quo of 2010 (assuming which could be the status 

quo in 2020 if the targets are all achieved)14. 

 

Figure 11 Taking as example the LCA of one product in the basket (e.g. house), the results of step 

2 (LCA of BoP) will be evaluated against different set of normalisation reference (reflecting the 

different scenarios of target achievement at the macro-scale). The product in A and B is the same 

but it is evaluated against different reference scenarios which may highlight different contribution 

to the total impact.  

 

                                                        

11 Status quo refers to the baseline situation. In our case, it represents the overall environmental impact of EU27 in 2010 for 14 impact 

categories, according to the results of the Life Cycle Indicators for resources (see deliverable 3.) 

12 Desirable status quo is the environmental impact of EU 27 that we expect in the future (e.g.2020) in case policy targets have been 

reached 

13 Normalisation factors reflect the overall magnitude of the impact for each impact category (e.g. the global warming potential associated 

to the whole emission of CO2 and other greenhouse gases in EU in 2010 correspond to 3.9E12 kg of CO2, 1.87E10 kg of CH4 etc. the 

potential impact could be expressed considering the global warming potential associated to those emission (4.60 E12 Kg CO2eq ). This 

figure is the normalisation factor for EU 2010, namely the magnitude of the impact due to greenhouse gases emission in the specific 

year). This set of normalisation factors entails an hybrid production/ consumption approach (it accounts for emission from industries – 

production, and from household – consumption) 

14 Applying “future” normalisation factors and compare the results with 2010 figures may highlight areas of possible product improvements 

in order to reach macro-scale policy objectives. 
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Figure 12 Applying future reference scenarios, the relative contribution of the different impact 

categories may change. E.g. (fictive example) if we expect a drop of 50% of ecotoxicity by 2020, a 

contribution of 20% in 2010 became a contribution of around 40% if compared to the impact in 

2020, requiring eco-innovation strategies for reducing burdens. The impact of food life cycle stages 

(coloured) are then representing a certain share of overall impact due to other sectors (e.g. 

mobility, housing) in 2010 (in grey) and a different share if compared with desirable status quo in 

2020.  

In order to identify in which life cycle stage the majority of impacts occur and in which impact category, a 

summary table will be prepared for each BoP. This will help identify the life cycle stages and the impact 

categories on which it is necessary to concentrate effort in identifying existing or possible future eco-

innovations. An example of the final expected results of the hotspot analysis is presented in Figure 13 (fictive 

example), as summary for the category food. 

 

Figure 13 Example of summary table (fictive example) for the hotspot analysis. For each life cycle 

stage and for each impact category an evaluation of the relevance of the impacts is reported, 

reflecting the combination of the assessment under different scenarios. 
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4.5 Feasibility analysis of improvements 

Direct application of macro-scale targets to sectors and product groups is considered very difficult as there are 

significant differences among sectors and related reduction potentials. A guideline for setting target for a 

specific sector/ product group is required and should follow two steps: 5a, identification of possible solutions; 

5b, verification of the benefits associated to the proposed solutions. 

4.5.1 Identification of possible solutions 

Possible solutions for reducing impacts of the sector/ product group should strategically address those 

categories impacting the most, in terms of life cycle stages as result of the contributing analysis. Possible 

solutions for reducing impacts on those impact categories are identified through:  

d. Reviews of existing ecoinnovation. The source of information for identifying possible 

improvements will be: 

i. Scientific literature 
ii. Specific reports (DGENV/JRC/ etc) 
iii. IMPRO studies (EC-JRC, 2014) 
iv. Ecoinnovation observatory 
v. Sectorial studies BAT/BREF Best Available Technologies /Best Available Techniques 

Reference Document BREF 
vi. Studies underpinning ecolabels 
vii. Environmental product declarations/ product category rules 
viii. PEFCR pilots 
ix. Expert judgement  

e. Check-list for the application of sustainability and ecodesign principles (e.g. dematerialisation, 

close loops, zero waste, logistic optimisation, etc) in the different life cycle stage, as in figure 

14. In order to translate sustainability principles within policy development - and concrete 

actions- a number of strategies have been developed over time. In Annex 5, we report a 

selection of those strategies as deemed more relevant for target setting and which have been 

used for building the check list (table 2). 

 

Figure 14 For each life cycle stage, a number of ecodesign and sustainability principles may be 

applied. A checklist reporting those principles may help the identification of possible solutions.  
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Table 2 Example of check list for supporting the identification of possible ecoinnovation along the 

product/product group life cycle stages  

Concept Possible questions 

Dematerialisation, resource 

efficiency 

May I increase the efficiency of resource use, to obtain the same product/service 

quality using a lower amount of resources? (E.g. improving material recovery in the 

production process, reducing the thickness of materials used, etc.) 

Energy efficiency 

Is there any step in the production process where energy is wasted (e.g. in the form 

of heat)? 

Can I design my product/service so to reduce the energy requirement in the use 

phase? 

Cradle to cradle 

Is my product designed in a way that allows for reuse of materials in the end-of-life? 

May I substitute my product with a service, so to reduce and ensure the need of 

manufacturing and the use of materials? Is there any by-product in my production 

process which could be used as input in other production chains (internally and 

externally)? 

Zero waste 
May I improve the efficiency of my production process and the design of products in 

order to minimize the production of waste throughout the whole life cycle? 

Reuse 
May I promote the reuse of products, e.g. through a design that allows for new uses 

at the end of their first life? 

Ecodesign 
Did I took into account all sustainability principles already in the design phase, so to 

maximize the benefits throughout all life cycle stages? 

Green engineering 
Is my product designed in a way that helps to reduce the amount of materials and 

of energy during the whole life cycle, while maintaining the best functionality? 

Green chemistry 

Are my product and production process designed in a way that helps to reduce the 

use of toxic substances and seek for substitution of possible harmful substances and 

processes with more environmentally friendly and safer ones? 

Lean thinking 

May I plan my production chain in a way that ensures that only the needed amount 

of products is produced? Is my production process designed to reduce energy use, 

emissions, and waste production during manufacturing? 

Eco-innovation 
Can I develop new production processes or new products that can contribute to the 

target of decoupling economic growth from environmental impacts? 

Logistic efficiency 

Can I improve logistic (both for the raw material acquisition and for the distribution 

of the final products) so that transports and related impacts are reduced? May I 

introduce a reverse logistic plan to ensure logistic efficiency? 

 

4.5.2 Assessment of benefits potentially achievable  

Once the possible solutions are identified, there is the need of verifying the potential benefit associated to 

them. This should be done for two main reasons: 

 Avoiding that an expected benefits in an impact categories poses a burden on another one and avoiding 

that reducing impact in a life cycle stage implies additional burden in another; 

 Verifying that the sustainability principle adopted is actually leading to an overall benefit. 

For example, there is a vast literature on biofuels, where the application of a sustainability principle- substitute 

fossil with bio-based- has sometimes resulted, if evaluated using LCA, in impacts due to land use change and 

in an overall energy balance not always positive enough to justify the biofuel production and use, (see e.g. 

Thamsiriroj and Murphy, 2011). Indeed, the transition towards bio-based material could lead to benefit under 

certain conditions and not under others- see for example the study of Secchi et al 2014 comparing different 

bio-based ecoinnovations; Mirabella et al 2013 comparing traditional plastic and bio-plastic, Mirabella et al 

2014a, using LCA for verifying ecodesign strategies) 

In order to avoid burden shifting, LCT and LCA are needed in the evaluation of the benefits potential associated 

to the target implementation. The modelling of the inventory could be modified to estimate the benefits related 

to changes in extraction of raw material, manufacturing, pattern of use and end of life scenario. This may 
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include the development of “future oriented scenarios” and the evaluation of the improvements under those 

scenarios, as discussed by De Camillis et al 2013. 

The LCA-based verification of the expected environmental benefits require to perform an LCA under proper 

scenarios accounting for technological improvements, proposed behavioural shifts15, etc. The scenarios of 

benefits evaluation entail assumptions on the different elements as part of the relationship between macro-

scale and micro-scale policies. Assumptions in either of the elements could be envisaged, e.g. production, 

consumption, infrastructure and local context (see chapter 3 for details) in order to provide an overview of the 

interplay between them and the possible synergies for achieving targets. The assumptions for running the 

scenarios may include all the elements of figure 15 production (e.g. different options in the manufacturing), 

consumption (different options in the consumer’s choice), infrastructure (different context where there is 

presence/absence/improvements of infrastructures) and local context (see chapter 3 for details).  

 

Figure 15 A scenario for running the LCA for verifying the benefits associated to a solution may be 

built based on assumption in one at the time or all the elements of the figure. 

The results of the verification may help defining a ranking of the options, in terms of environmental preferability 

(see e.g. figure 16) and consequently, setting the target. 

                                                        

15 including using attributional approaches versus different options for consequential systems analysis 

LCA could be performed assessing the 

different options and assumptions affecting 

product life cycle stage. This could be done 

modifying in either one at a time or all the 

elements of the micro-macro relationship: 

production, consumption, infrastructure and 

local context. 
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Figure 16 An example of ranking of options based on environmental benefits associated to them16. 

4.5.3 Quantitative target proposal 

Based on the technical and operational feasibility of the improvement, a set of targets can be proposed either 

at the level of specific elementary flows (e.g. reduction of % of N input in agriculture) or at the level of the 

specific element of the product (e.g. 50% reduction in weight of packaging) or for a specific life cycle stage 

(zero waste in the construction and demolition activities). 

                                                        

16 Study on Amended Working Plan under the Ecodesign Directive (remaining energy-using products and new energy-related products), 

van Elburg et al 2011 
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The targets development should be coherent and mutually beneficial with a number of relevant product policies, 

e.g. Ecodesign, Energy labelling and Green Public Procurement as well as with initiatives such as the Product 

Environmental Footprint (CEC, 2013). 

Notwithstanding being developed for a different purpose, PEF implementation implies relevant possible 

synergies with target setting, namely: i) definition of representative product in a product group; ii) screening 

LCA to perform hotspot analysis on the representative product; iii) identification of relevant impact categories; 

iv) development of benchmarks, reporting an average impact of products; v) identification of improvement 

opportunity, discussed with relevant stakeholders; vi) development of different environmental performance 

classes. 

 

Figure 17 LCA based targets vs PEF and Ecolabel 

 

4.6 Identification of policy options, policy development and 

stakeholders hearings  

Based on a target proposal, several policy options may be possible but they are beyond the scope of this 

deliverable. However, it is worth discussing that different ad-hoc methodologies can be developed according 

to the typology of targets to be set, as presented e.g. in a recent report to DG ENV by TNO (see Annex 6). For 

instance, the EU-ETS mechanism is composed of both cap to emissions and a trading system of emission 

quotas. At the end of the year, the sum of the emissions coming from the sectors covered by the scheme must 

be equal or less to the overall cap, and, in case this does not happen, some sanctions would apply, on the basis 

of a system of control. Through this mechanism, the consistency among scales (i.e. economy as level-n and 

economic sectors composing it as level n-1) is guaranteed. In case of non-binding targets (such as those 

reported in strategies and communications), there is no need to enforce such apparatus and the macro-scale 

targets are, possibly, reached through a series of policy measures such as taxation and voluntary instruments 

(e.g. Ecolabel, GPP, etc.) as well as mandatory ones (e.g. Ecodesign). In all of these cases the quantitative 

consistency between upper and lower scales is not necessarily met, as the policy actions taken rather serve as 

stimulus towards reaching goals. This is because of the fact that the system under investigation is a complex 

one, as many factors interplay in defining production and consumption patterns across Europe and the world. 

First of all, the individual behaviour is a key factor playing in SCP, however the set of policy actions that can 

be taken to directly steer this phenomena toward a desirable direction are very little, with exception of 

environmental taxation. 
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5 Discussion on proposed methodology and outlook for 

possible future improvements  

The methodology, developed by JRC in the context of this deliverable, is based on the idea of enhancing as 

much as possible the relationship between macro scale policies (and related targets) with micro scale policies 

(and target), especially concerning product policies. 

The methodology builds on existing targets set by EU policies, complemented by science-based targets as 

proposed by some authors, building on the concept of safe boundary space for the humankind. According to 

the methodology developed, such targets usually set a macro-scale (i.e. EU economy, countries, etc.) are used 

as basis for steering eco-innovation at micro-scale (sectors and then single products). The whole life-cycle of 

products is considered so to avoid burden sharing. Indeed consumption and production patterns might be 

affected by the implementation of such targets, however such consequences are not directly assessed in this 

study. In the proposed approach, the effects of target setting (i.e. the level of uptake, etc.) are not analysed. 

Such operation would require the involvement of specialists in behavioural economics, economists developing 

a feedback mechanism linking the changes in production systems and the patterns of consumption as well as 

patterns of import and export in the light of price changes. So rather than being consistent across scales, the 

targets at the lowest scales (product LCA stages – production, use, eon-of-life) are ‘inspired’ by overall macro-

scale targets. 

In addition to that, as already stated in Section 2, target setting is a social construct which can build upon 

scientific evidence and most accredited theories, but the actual definition of a quantitative value can be 

achieved only through a much wider process, inclusive of peer-reviewing, foresight exercises and other steps 

such as participatory processes and stakeholders’ consultation.  

This exercise has to be interpreted in the light of such limitations. The methodology proposed does build on a 

solid analytical framework based on LCA and on the process of standardization/harmonization carried out 

within the ILCD, with particular reference to terminology, inventories and life cycle impact assessment 

indicators. This limitation is due mostly to the fact that LCA is very suitable for assessing single products 

environmental performance, however it is less robust when applied at the level of macro-economic processes, 

unless supported by additional modelling, as in the case of hybrid-LCA, which combines both elements of top-

down (e.g. input/output) and bottom-up (process based-LCA) methodologies. 

Moreover, the use of the normalization step in LCA as an approach through which to compare different impacts 

might reveal some limitations as well, as discussed by Heijungs et al. (2007). For instance, the wrong 

quantification of the normalization factors, either as underestimation or overestimation, might result in a 

misleading comparison among impact categories and further wrong prioritization. Also policy targets 

normalization factors can be affected by the same limitation in case they are calculated as relative reduction 

from the normalization factors observed in 2010. Factors such as the robustness of the underlying 

methodologies and datasets should hence be included in the process of prioritization among impact categories. 

In addition to that, the perspective adopted in the assessment of the normalization values (i.e. domestic vs. 

apparent consumption) might change substantially the results, hence, a consultation with experts and 

stakeholders should be reached in order to select the most viable and agreed solution. Another limiting factor 

of the use of ILCD compliant impact assessment methods is the fact that not all the environmental impacts 

are covered by these methods. For instance, biotic resources, indoor pollution, noise and erosion are not covered 

by the ILCD methods (EC-JRC, 2011).  

Specific comments from the expert workshop17 have been used to revise the methodology and theoretical 

foundations thereof. The validity and completeness of the conceptual scheme underpinning the methodology 

for targets and the robustness and the feasibility of the methodological proposed workflow have been 

discussed  

                                                        

17 Del 6 of LC-IND for detailed reports from the expert workshop held on 29th and 30th of September 2014.  
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The role of LCA as reference methodology for setting target has been recognized. In fact, if targets are based 

on LCA analyses these can help address problems outside the territorial boundary of e.g. the EU, which adds 

value to the overall exercise. 

Some experts questioned the possibility of setting targets at the level of products. Considering evolution of 

products over time (innovation, change in consumer choices etc), we may consider to assess the 

functionality/needs more than products themselves. Suggested approaches: benchmarking at products level 

and targets applied only to meso and macro scale. Conversely, other experts recognized that acting at micro 

scale has shown over time some important achievements, therefore, also acting at micro scale is crucial (e.g. 

UK policy on “zero carbon homes”, target on car emissions (Euro standards), no mercury in products etc.).  

If a target should be set to the products, an open issue is related to the possibility of going beyond a linear 

application of macro scale to product policies. The linear application has been considered a first reasonable 

approach to targets considering the complexity of defining sectorial specific targets for each impact category. 

E.g., the Swiss “2000 Watt” society goal for 2050 has been downscaled to products applying for all the same 

target. In fact, the same reduction target of 2000 Watt has been applied to the building sector (as key 

contributor). We need the same reduction effort from sectors as the one with higher contribution. If there is an 

obstacle for some actors (sectors) it can be changed accordingly so it has to be flexible (i.e. more reduction 

from building and less from transport). This opens to negotiation. Conversely, for some experts, the definition 

of targets should also consider from the beginning which sectors are best positioned to actually meet the target 

defined. 

On the other hand, it has been recognized that targets may boost innovation: thus, defining ambitious targets 

(virtually unachievable) can still boost innovation / environmental improvements a lot more than a less 

ambitious target could do. Targets are good drivers for innovation eco-innovation, they play a very important 

role (i.e. California 0 emission mandate or UK 0 emission houses). Those examples are stimulating research 

projects, etc. We may consider the effect of going into the right direction also without reaching it. Some 

suggestions were given towards not to base target on future possible eco-innovation and to focus only on best 

performing already available in the market. In a mid-long term perspective this could limit the potential for 

environmental improvements. In fact, frontrunners/ecoinnovation already on the market are sometimes 

addressing impacts that may grant some benefits in the market rather than reducing the overall impact, 

addressing specific hotspots.  

A back-casting exercise could help focusing the definition of targets and identify hotspots that could still remain 

important in the future, i.e. for the time frame during which the defined targets should be valid. It has been 

discussed that targets should be developed along with back-casting analysis and socio-economic feasibility, 

otherwise you would need a lot of iterations to overcome the impact assessment. 

Regarding the fact of applying targets on the results of basket of products, two main elements have 

been discussed: a) the possibility of coupling process LCA and input/output for assessing hotspots  b) the use 

of consequential instead of attributional modeling for BoP. Regarding a) several experts pointed out that the 

use of process based and I/O are complementary, and I/O alone cannot help in identifying better hotspots and 

sectors due to the number of assumptions. Moreover, the use of consequential may be better suited for 

assessing and testing impacts under assumptions of future scenarios. 

Regarding the possibility of a distance to target weighting for assessing relevance of impacts, it is important 

to acknowledge a possible paradox. The closer we are at solving the problem e.g. ozone depleting substances, 

the more important the impact it gets. Hence, the less relevant the environmental issue, the more important it 

becomes in LCA.  

Comparison of policy-based and scientific-based targets at macro scale has been considered relevant to 

identify possible critical areas not covered by current policy based target at macro scale. 

The relevance of a given target depends on many aspects including: actual planetary boundaries, the political 

context, and on how easy/difficult it is for society to reach the target. The discussion has been mainly related 

to the extent to which this could be actually implemented in product policies as the link with macro scale (either 

at European or international level) is very difficult to be clearly defined. Additionally, some of the planetary 
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boundaries are international in terms of importance but very local in terms of exerted impacts. Linking these 

local impacts with product policies may be equally difficult. 
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Annex 1 LCIA impact categories and recommended models 

and indicators 

The International Reference Life Cycle Data System (ILCD) Handbook is a series of technical guidance 

documents for LCA that complement the International Standards to provide the basis for greater consistency 

and quality of life cycle data, methods and assessments. A specific handbook is devoted to Life Cycle Impact 

Assessment, recommending models and indicators for 14 impact categories at midpoint. 

Table 1 (Annex 1) Recommended methods and their classification at midpoint  

Impact category Recommended default LCIA method  Indicator 

Climate change Baseline model of 100 years of the IPCC 
Radiative forcing as Global 
Warming Potential (GWP100)  

Ozone depletion Steady-state ODPs 1999 as in WMO assessment Ozone Depletion Potential (ODP) 

Human toxicity, cancer 
effects 

USEtox model (Rosenbaum et al, 2008) 
Comparative Toxic Unit for humans 
(CTUh) 

Human toxicity, non- 
cancer effects 

USEtox model (Rosenbaum et al, 2008) 
Comparative Toxic Unit for humans 
(CTUh) 

Particulate 
matter/Respiratory 
inorganics 

RiskPoll model (Rabl and Spadaro, 2004) and Greco et 
al 2007  

Intake fraction for fine particles (kg 
PM2.5-eq/kg) 

Ionising radiation, 
human health 

Human health effect model as developed by Dreicer et 
al. 1995 (Frischknecht et al, 2000) 

Human exposure efficiency relative 
to U235 

Ionising radiation, 
ecosystems 

No methods recommended  

Photochemical ozone 
formation 

LOTOS-EUROS (Van Zelm et al, 2008) as applied in 
ReCiPe 

Tropospheric ozone concentration 
increase 

Acidification 
Accumulated Exceedance (Seppälä et al. 2006, Posch et 
al, 2008) 

Accumulated Exceedance (AE) 

Eutrophication, 
terrestrial 

Accumulated Exceedance (Seppälä et al. 2006, Posch et 
al, 2008) 

Accumulated Exceedance (AE) 

Eutrophication, aquatic 
EUTREND model (Struijs et al, 2009b) as implemented 
in ReCiPe 

Fraction of nutrients reaching 
freshwater end compartment (P) or 
marine end compartment (N) 

Ecotoxicity 
(freshwater) 

USEtox model, (Rosenbaum et al, 2008) 
Comparative Toxic Unit for 
ecosystems (CTUe) 

Ecotoxicity (terrestrial 
and marine) 

No methods recommended  

Land use 
Model based on Soil Organic Matter (SOM) (Milà i 
Canals et al, 2007b) 

Soil Organic Matter  

Resource depletion, 
water 

Model for water consumption as in Swiss Ecoscarcity 
(Frischknecht et al, 2008) 

Water use related to local scarcity 
of water 

Resource depletion, 
mineral, fossil and 
renewable18 

CML 2002 (Guinée et al., 2002) Scarcity 

                                                        

18  Depletion of renewable resources is included in the analysis but none of the analyzed methods is mature for 

recommendation 
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Annex 2 State of the art in behavioural economics. 

Sustainable behaviors, behavioral biases and their 

implication from a policy perspective. 

Eugenia Polizzi Di Sorrentino1, Eva Woelbert1, Serenella Sala2 

1 Behavioural Economics Team (BET)-Public Health Policy Support (PHPS), Institute for Health and Consumer 

Protection (IHCP) 

2 Sustainability Assessment Unit, Institute for Environment and sustainability (IES) 

Introduction 

Target setting implies the need of accounting for several aspects, as depicted in figure 7. The role of consumer’s 

choices and behaviour is increasingly recognized as one of the driver of environmental impacts. Every day 

humans face choices. These range from small, frequent choices such as what to eat for lunch, to larger, less 

frequent ones like where to go on holiday, and whether to buy a car or not. Even the simplest of these decisions 

are fundamentally complex, with large numbers of choices, with advantages and disadvantages to balance, 

and uncertainties about the outcomes. Behavioural economics and marketing studies (see e.g. Bio Intelligence 

service, 2006) sought to explore consumer behaviour relating to the purchasing of environmentally-preferable 

products. These studies demonstrates that consumers make choices through a mix of mental shortcuts, 

emotion and conscious deliberation. Conversely, it is often assumed more information is a way to overcome 

this, whereas there is the need of designing policies based on how consumers actually make choices. 

Indeed, many of these daily choices are relevant to the context of sustainability and sustainable consumption. 

In the environmental impact assessment of a product, both the choice and the behaviour of the consumer plays 

a fundamental role. Moreover, assuming a supply chain perspective, it is important to not only consider the 

impact of the manufacturing stage, but also the use of a certain product by consumers.  

The empirical findings support many of the observations about unsustainable consumption, notably that it is 

generally positively related to income, age, family size, education and high-status jobs (Ferrer-i-Carbonell and 

Van Den Bergh, 2004), different social drivers (e.g. Baiocchi et al 2010) and household expenditures (Kerkhof 

et al., 2009). Some studies have also assessed changes in household consumption in relation to a specific 

context, e.g. assessing the importance of social and cultural aspects in the consumption and use phases of 

technology (Gram-Hanssen et al 2008). 

Important factors that drive our consumption include growing incomes, globalization of the economy, 

technological breakthroughs, decreasing household sizes and an ageing population. At the same time, the 

growing number of goods and services we consume often offsets the efficiency gains we achieved through, 

for example, improved production technologies and processes (Caeiro et al. 2010) 

Even if usually less modelled in LCA, choices and use phase are affecting the environmental profile of several 

products, both in terms of energy use, wastewater release, waste production etc. Even if methodologies such 

as Life Cycle Assessment allow the definition of scenarios related to the use phase, the modelling of the 

different options and the potential impacts thereof is less explored. Some LCA studies have tried to fill this gap 

and have assessed whether the conclusions drawn regarding the environmental impact of certain products 

(e.g., different types of floor coverings) were still the same when the effect of behaviours occurring during use 

phase (e.g. emission of organic volatile compounds through cleaning) were also considered. The results of 

Johnson LCA studies (1999) suggested that the inclusion of typical user behaviour greatly changed the overall 

environmental profile of specific floor materials (e.g., wood), highlighting also some potentially negative health 

effects for consumers. This finding illustrates well how integrating the behavioural component (and so also 

modelling the opportunity for behavioural changes) could make the difference when dealing with the impact 

of products both on the environmental and human health related domains. 

While factors such as growing incomes, globalization of the economy, technological breakthroughs, ageing 

population are heavily affecting consumers' choices, there is evidence that bbehavioral changes and innovation 

strategies can potentially mitigate the environmental impacts of unsustainable consumption (Brown and 
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Vergragt, 2008; Tukker et al., 2010b; Cohen et al., 2010). If used wisely, knowledge about human decision 

making and about key drivers of behaviour can be used as tools to promote behavioural change interventions 

aimed at protecting consumers from misleading marketing practices and make citizens act more socially 

responsible with respect to the common good (i.e, waste, energy consumption). Even when the aim of the policy 

itself may not be to change behaviour, understanding behavioural responses can help to increase the 

effectiveness of a given policy. In the following, we will provide examples from behavioural studies in the 

context of sustainable behaviour highlighting some of the most prominent concepts emerging from the study 

of human decision making. Well-designed behavioural studies can offer useful insights to policy-makers by 

generating the evidence required to design effective policy interventions. In the methodological tool box we 

therefore summarize the characteristics of the different available methodologies. These tools could be 

informative at various stages of the policy making process, ranging from designing effective policy 

interventions to evaluating the effectiveness of existing ones. 

Important insights about behaviour 

The long-standing assumption of the traditional economic theory is that citizens or consumers behave as 

"rational decision makers", analysing all available pieces of information in ways that always optimize their best 

interests, weighting the cost and the benefit of each option. However, actual choice behaviour suggests 

otherwise. People's choices are often not in line with their long-term self-interest, and people use mental and 

emotional short-cuts to overcome the complexity of choices.  

Behavioural patterns, which are not in line with the traditional model of the human decision maker as a rational 

actor, are often called "irrationalities" or "biases". They are studied by a variety of academic disciplines including 

economics, psychology, and neuroscience. Interest in the study of human decisions has increased remarkably 

in the past decade, and new fields such as human decision science or neuro-economics emerge, recognizing 

the interdisciplinary nature of the topic and aiming at a deeper understanding of human decision making. In 

parallel with this increase in academic interest, it has also been recognized that understanding human decision 

processes might have important implications for public policy (Thaler & Sunstein 2008).19 This is also true for 

policies related to sustainable behaviour. 

Many environmental issues are complex, and include choices whose outcomes may be evident only in a distant 

future. Over the past years, more and more research has integrated behavioural economic theories within the 

environmental domain, providing a more complete picture of factors influencing sustainable behaviour. Much 

of the research has focused on areas with the greatest environmental impacts, namely peoples' homes and 

household management, their food choices and behaviours, as well their transport behaviours. This interest is 

also reflected by a number of survey papers (Shogren and Taylor 2008; Gowdy 2008; Carlsson and Johansson-

Stenman 2012; Hammitt 2013, Cronson & Treich, 2014), which animate the debate regarding the opportunity 

for behavioural interventions (and their efficacy) in the environmental policy domain. Below we highlight the 

most important behavioural aspects and recent interesting studies on sustainable behaviour. 

A major hallmark of sustainable behaviour is that its benefits will mainly become evident in the future. 

Therefore, it is important to understand how people decide when some or all of the outcomes of their decisions 

are going to happen in the future. In general, people discount future outcomes. If given the choice between 

receiving € 10 now and € 10 at some point the future, most people will prefer receiving the money immediately. 

On the other hand, if given the choice between receiving € 10 now and € 15 later, some people will choose to 

wait. Thus, outcomes that materialize in the future are less important for people, and people differ from others 

in how much they care about future outcomes. Temporal discounting is important for a wide range of 

behaviours with environmental impact. The reason for this is twofold: the environmental benefits of choosing 

an energy saving option today are perceived as less important simply because they are distant in time, and 

moreover somewhat uncertain. Secondly, even the monetary costs of paying for energy consumption typically 

happens temporally separated from consumption. Using the car is not associated with paying at the moment 

it is used, but only when the car needs fuelling up. Likewise, individuals pay for their energy and resource 

                                                        

19 The concept of incorporating insights gained in the study of human decisions into public policy has been mainly driven 

by the field of behavioural economics, for this reason we use the term behavioural economics below. 
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consumption in the household in the form of their utility bill, which comes at most every month. This temporal 

separation makes it less likely that people will reduce their energy consumption in order to save money, because 

the delayed money savings are simply not so relevant at the time of consumption. Moreover, individuals do not 

receive feedback on the impact of each individual behaviour. How much of a utility bill is attributable to which 

specific action is usually not clear. A recent field experiment demonstrates that a tighter and more specific 

coupling of feedback to the behaviour can help to decrease consumption (Tiefenbeck et al., in 

submission). A device measuring water temperature and flow in the shower was installed in 700 households. 

In one third of the households, the device only indicated the current water temperature, but did not provided 

feedback on consumption. This group served as the control condition. In the other households the device 

displayed real-time information about water and energy use. Compared to control households, the households 

receiving feedback decreased water and energy use in the shower by about 20% as soon as the intervention 

was started, and this effect was sustained over 2 months, suggesting that the effect did not wear off in this 

period. Of interest would be to understand whether a constant provision of feedback would actually help to 

maintain the effect for longer time or whether learning and/or change of habit would render the feedback 

obsolete or even, diminish people's concern for responsible energy consumption.   

A second robust finding in behavioural studies is that people are strongly influenced by defaults. That is, 

if one of the available options is labelled as the default that will be implemented unless an active choice is 

made and another option is selected, this default option will be chosen much more often. A variety of factors 

is thought to contribute to this: people may perceive the availability of a default as a signal that this option is 

superior to the others, or that many other people will chose this option. Also, people are generally reluctant to 

change the status quo because they pay more attention to the advantages of what they have, than to the 

advantages of the alternative options. Lastly, people can simply be inattentive or even have a strong preference 

to avoid making a decision, in which case they will also welcome the default option. In the area of green energy, 

Pichert and Katsikopoulosa (2008) show that the proportion of people consuming the green utility was 

increased when “green” was presented as the default than when “grey” electricity was the default. 

Similarly, a natural field experiment at a large Swedish University found that the adoption of a double-sided 

printing default setting in the printing machines led to a substantial reduction, with a significant and immediate 

effect in the form of a 15 % drop in paper consumption, and with that effect staying stable over time. Notably, 

the effect of the double-sided default has been found to be far larger than that of a ten-percent tax on paper 

products, which would produce a mere two percent reduction (Egebark and Ekstrom 2013). Although the default 

bias is one of the most robust decision biases, defaults do not always produce an effect. Factors such as socio-

economic status and users' level of experience are known to reduce the effect of such bias.  

Another important driver for behaviour is social pressure and social comparison. In general, people prefer to be 

part of a majority. This is an important insight for framing messages designed to influence people's behaviour. 

If possible, it is preferable to highlight that a majority engages in a desirable behaviour such as recycling, rather 

than highlighting that some people fail to do so. Moreover, people like to compare themselves favourably 

with relevant others. This motive has been successfully employed in a field experiment investigating an 

energy conservation program. Using data on energy usage from 600,000 households, it was one of the largest 

randomized field experiments in history. OPOWER mailed Home Energy Report letters that compared a 

household’s energy consumption to that of similar neighbours. These letters include messages like: “Last month 

you used 15% less electricity than your efficient neighbours.” The average treatment effects of OPOWER’s 

conservation programs ranged from 1.4to 3.3% of baseline usage, with a mean reduction in energy 

consumption of 2.0% (Allcott 2011, but see Allcott and Rogers 2012 for some contrasting evidences). The cost-

efficiency of this conservation program compared favourably with other energy efficiency programs (Allcott 

and Mullainathan 2010). 

Historically, consumer policies focussed strongly on providing all the necessary information, in order to enable 

consumers to make an informed decision. This practice implies the assumption that consumers will understand 

and process the available information. However, it has been shown that in the face of complex decisions and 

limited attention and time, we humans do not process all available information. Instead, we use so-called 

heuristics, which are smart rules of thumbs, to simplify the problem. This is important when citizens are 

provided with information on the energy consumption and environmental impact of a product. For example, if 
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products differ on several dimensions such as energy efficiency, pollution, durability, price etc. It is unlikely that 

the decision maker will integrate all of these into the choice. Rather, he will attend to a selection of these, for 

example the ones he understands best, or considers most important. Therefore it is important to present 

relevant information as simple and intuitive as possible. For example, it has been shown that the most 

common US measure of fuel efficiency, namely the “miles-per-gallon” measure, is not intuitive 

(Larrick and Soll 2008). As a result, this measure may lead to a significant underestimation of the benefits of 

replacing most inefficient vehicles.  

Before implementing a policy on information and labelling requirements, it is possible to evaluate how people 

process the offered information, and how it affects their choices. There are various ways to study how people 

process and integrate information in their decisions. With eye tracking technology, it is possible to record 

precisely where people are looking while they are making a decision. This allows assessing which information 

they attend to most, and also how they compare different options. By asking people to make real or hypothetical 

choices while providing them with different pieces of information, it is possible to assess directly how the 

information presentation affects choices. For example, a series of laboratory experiments investigated how 

people's transport choices are influenced by emission information (Gaker, et al. 2010). Participants made 

hypothetical choices between different transport options such as taking the car or the bicycle, and different 

routes for getting from A to B, and between owning a normal or a hybrid car or no car at all. By varying the 

information about travel time, emissions, and price that was given to participants the researchers were able to 

estimate the influence of each of these factors on choices. Although hypothetical, choices in this experiment 

were influenced by emission information, and the majority of participants were willing to pay a 

somewhat higher price in order to decrease emissions. The results further suggest that women's 

willingness to pay for lower emissions was higher than men's. On the other hand, choices were not influenced 

by the type of trip (leisure vs. commute), social norm information, and whether emissions were presented in 

daily or yearly format.  

A final important insight on behaviour in the context of sustainability is that there is a strong influence of 

habits and environmental stimuli. Food waste behaviours are likely to be strongly related to habits and 

environmental stimuli. For example, in an attempt to decrease food waste in the well-defined environment of 

hotel buffets, Kallbekken & Saelen (2013) have identified some simple changes to decrease waste caused by 

guests loading too much food on their plate. Using a large number of comparable hotels, the researchers were 

able to systematically test and compare two interventions to a control group. Simply by using smaller plates 

people were better able to estimate the quantity of food that they wanted, and reduced food waste 

by 20%. The same effect was achieved by explicitly inviting people to visit the buffet repeatedly, rather than 

taking a lot at once. This finding is in line with the observation that people have difficulties predicting their own 

visceral states, in this case how much food they actually need. Waste of food in the household is a more 

complex phenomenon, and many factors contribute to it. Planning of meals, monitoring food levels in the home, 

and making a shopping list have been identified as activities that could reduce food waste. Several initiatives 

exist that attempt to help users implement these. Applications exist that support the user in meal planning and 

automate shopping list generation (love food hate waste20, 222 millions tons21), that monitor food purchases 

(e.g. Nutriflect, Reitberger et al 2014) and food stock at home (EatChafood, Farr-Wharton et al.2013). 

Furthermore, sharing platforms have been created that allow users to share food they cannot use (e.g. Bring 

food22). However, in the absence of systematic evaluations it is difficult to quantify the effect that can be 

achieved with these systems. 

The effect of environmental stimuli on choices has also been successfully used to increase the proportion of 

healthy food chosen and consumed in canteens. Making healthier options more easily accessible than less 

healthy options consistently increased the choice of healthier foods. Similar techniques could be tried towards 

decreasing meat consumption. A recent survey from the Netherlands suggests that – other than commonly 

                                                        

20 http://england.lovefoodhatewaste.com (accessed October 2014) 

21 http://222milliontons.com/app/ (accessed October 2014) 

22 http://www.bringfood.org (accessed October 2014) 

http://england.lovefoodhatewaste.com/
http://222milliontons.com/app/
http://www.bringfood.org/
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thought – a sizable majority of people do not have a strong preference to consume meat frequently (Dagevos 

& Vorrdouw, 2013). This group of people might be receptive to small changes in the choice environment and 

choose less environmentally impacting alternatives if this was made easier or more appealing. 

Behavioural Science Methodological Tool-box 

A hallmark of interventions and design choices based on insights from behavioural science is that they can and 

should be tested in order to assess their true effectiveness and potential negative side effects. Here we provide 

a methodological tool box summarizing the advantage and disadvantage of scientific methods commonly used 

in behavioural economics. This tool box is not meant to be comprehensive, but it focuses on those methods 

which are most frequent in behavioural science and that are most suitable for policy making.  

Surveys: With surveys researchers may access a large sample of people and question them about their 

attitudes, beliefs and expectations. Surveys allow for a high degree of external validity, in the sense that they 

capture how people think "out there". If the sample is representative, then survey results are very generalizable 

to the general population. However, the way a questionnaire is designed may limit the richness of the 

information collected, as people express their ideas, thoughts and feelings through a set of pre-established 

questions. A potential downside of surveys is that they often measure only intention but not the actual 

behaviour (e.g., thinking "green" is often not the same as acting "green") and can be biased when questions fall 

in the domain of social responsibility (self-censoring in responses, such when providing socially acceptable 

answers). Also, a common limitation of surveys is that they often do not allow identifying cause-effect 

relationships (but only correlations). 

Field experiment: In a field experiment, an intervention is implemented in the natural setting, and the outcome 

is measured. In order to understand whether an observed effect is really caused by the intervention, there 

should be a control group that is also studied from the beginning to the end, but does not receive the 

intervention. Also the effect of different interventions can be compared in this way. New technologies facilitate 

the collection of reliable data in the field: participants' behaviour can be automatically assessed, as has been 

done in the study monitoring shower behaviour, or smart phones can prompt participants at specific points in 

time to put in the required data. Field experiments have the advantage of better reflecting the real human life 

environment than laboratory experiments as they allow for observations in natural settings. On the other side, 

a common disadvantage of this methodology is that as experiments take place in a "natural" environment, 

researchers may not be able to properly control for the effect of potentially confounding factors and that the 

results may not be generalized. Indeed the results at best are valid (given the endogenous risk of false positive 

or false negative results) to the specific group, location and point in time tested.  

Laboratory experiments: For typical laboratory experiments, participants come to a very neutral and 

standardized environment, such as a computer room, and answer questionnaires, make choices, and perform 

other tasks. They are usually compensated for their participation with a small amount of money. A very useful 

feature of laboratory experiments is that the payment can be dependent on the actual choices, adding some 

degree of sincerity to the observed choices. Economic laboratories often have space for 20-30 participants at 

a time, and allow for participants to interact via the computer in an anonymous way. The advantage of a 

laboratory experiment is that the researcher can control very precisely what kind of information participants 

receive and how it is presented to them. Lab experiments can control for the effect of potentially confounding 

factors, allowing a high degree of internal validity of the experiment. Choices and also other physiological 

parameters such as eye movements and stress responses can be closely monitored. Laboratory experiments 

allow establishing the relationship of cause and effect very convincingly. Their downside is that they take place 

in a somewhat artificial setting and the findings may not be translated to behaviour in real live. 

Table 2 (Annex 1) Methodological toolbox for behavioural studies  

Methodological 

Tool box 
Advantage Disadvantage 

Approximate 

Duration 
Example 

Surveys 
Large data sample 
External validity 
Highly generalizable 

Often measure only 
intentions 

4 months 
Investigate 
consumers' 
understanding of 
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Biases in social 
responsibility domain 
Often no causal 
relationship 

labels indicating 
the environmental 
impact of 
products 

Field experiments 

High external validity 
Naturalistic setting 
Establish cause and 
effect relationship 

Limited control for 
external factors 
 

12 months 

Measure the 
effect of different 
types of feedback 
on energy 
consumption 

Lab experiments 

High internal validity 
Highly controlled 
setting 
Establish cause and 
effect  relationship 

Limited data sample 
Limited external 
validity 

6 months 

Observe how 
decisions over 
different goods 
are influenced by 
information 

Discussion 

In sum, there is a range of well-documented behavioural patterns that can in principle be used to facilitate 

sustainable behaviour. A variety of research methods are available that allow to assess people's attitudes and 

behavioural responses to interventions. 

Recognizing that behaviour in the use phase is an important aspect of the overall impact of a product, i t is 

evident that including the behavioural component into Life Cycle Assessment can be useful. Using insights and 

methods from behavioural sciences can help to model the effects of the use phase more accurately, and to 

identify different scenarios. For example, studies modelling the environmental impact of replacing animal-

derived food with plant-based food (Westhoek et al, 2014) could be informed by behavioural insights in two 

ways: first of all, behavioural studies can provide a more realistic bound to the extent to which dietary habits 

can be changed in the short run. Second, behavioural studies can provide insights on what policies may be 

more effective in achieving these changes, especially in the face of cultural heterogeneity and the cultural 

importance of food. An example of the use of behavioural science methodology in environmental policy is a 

study recently conducted for the Directorate General Environment of the European Commission (BIO 

Intelligence Service, 2012) in order to understand how to successfully communicate information about the 

environmental properties of products to consumers. 

Due to the intuitive appeal of the interventions described above, and the fact that they typically do not restrict 

people's freedom of choice, as well as their comparatively low cost, such behavioural interventions have 

received significant attention from the policy side. Therefore, it appears important to consider also their 

limitations. 

Although in many cases the described behavioural interventions do not alter the specific set of choices, it is 

clear that their scope is to influence behaviour. Attempts to influence people's choices have been in place for 

a long time in the marketing domain. The "novelty" relies in the fact that these nudges are selected by a "social 

planner". This raises the question what degree of influence on choice is considered acceptable, and underlines 

the need for interventions to be transparent. 

Moreover, although behavioural interventions like the one summarized above have been shown effective in 

altering behaviour towards more sustainable choices, evaluations are performed usually within a relatively 

short time frame, and rarely consider other behaviours than the target behaviour. Both of these are potentially 

problematic from a policy perspective. Firstly, if behaviour is not persistently changed through the intervention, 

the value of the intervention from a policy perspective will be limited. Long-lasting effects cannot be 

guaranteed, since people might get used to the intervention and effects may wear off. For instance, when 

investigating the effect of social comparisons on energy consumption levels, Allcott and Rogers (2012) found 

that consumers reduced electricity significantly within days after receiving initial reports, but these immediate 

efforts decay over time at a significant rate. After the first four reports, the reduction of emissions is about 

five times lower than after the first report. They conclude that people become accustomed, although not 

completely, to the repeated reminder letters. 
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Secondly, if narrowly defined target behaviours such as shower use are evaluated, the researcher will not know 

whether the intervention affects also other behaviours. Importantly such spill over effects need not be in line 

with the goal of the invention, but may even offset the effects achieved with the intervention. For example, it 

has been found that rewarding people for a short episode of physical activity led them to consume a higher 

amount of food than a control group, taking in far more calories than were burnt by the physical activity. Similar 

effects are thinkable in the domain of sustainable behaviours, underlining that evaluations of interventions 

should take into account the global environmental footprint of a person or a household as comprehensively as 

possible. 

Similar to price decreases due to technological efficiency gains, if behavioural interventions achieve the goal 

of significantly decreasing consumption, this would likely decrease energy prices, again opening up the 

possibility that part of the achieved savings are nullified by a rebound effect of others increasing their 

consumption.  

Lastly, it should be noted that soft behavioural interventions such as the one listed here cannot replace 

traditional regulation such as taxes on products that impose negative externalities. Although the former can 

usually achieve effects at lower cost, and may be politically easier to implement compared to taxes, their 

effects are typically not very large, and they may not necessarily address the problem on a global scale. Rather, 

they should be seen as complements. Policies that combine harder and softer regulations may maximize the 

outcomes that can be achieved, jointly acting both on a local and a global scale.  
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Annex 3: Review of binding and non-binding targets at EU scale for the ILCD impact categories  

Policy based target: an overview of target in EU policies 

Table A3.1 Overview of existing target in EU policies based on the EEA reports on green economy (EEA, 2013) and policy documents as listed in the 

reference list. The overview covers the impact categories as they are listed in the ILCD (see Annex 1). 

Impact 

category23 

Proposed target24 Target’s 

year 

Refere

nce 

year  

Monitoring25  Reference  Type of 

target26 

Additional targets 

Climate change* -20% CO2 reduction+ 2020 199027 yes Decision 
406/2009/EC 

B -40% by 2030 

-80-95% by 2050 

(COM(2013) 169 final) 

Ozone depletion* HCFCs phased out by 31/12/2019 2020 n.a. yes Reg 1005/2009/EC B Halons may be placed on the market 

and used for critical uses (Reg 

1005/2009/EC, Annex VI) 

CFCs production is banned since 2010 

by the Montreal protocol 

Use of methyl bromide prohibited since 18 
March 2010, except in an emergency. 

2010 n.a. yes Reg 1005/2009/EC B  

Human toxicity, 
cancer effects 

- 28% NMVOCs 2020 2005 yes COM(2013) 920 
final Package 
adopted on 
18/12/2013 

B Target for 2030: - 50% NMVOCs 

(baseline 2005) (ref: COM(2013) 920 

final) 

HCFCs phased out by 31/12/2019 2020 n.a. yes Reg 1005/2009/EC B Halons may be placed on the market 

and used for critical uses (Reg 

1005/2009/EC, Annex VI) 

                                                        

23 Impact categories mentioned also in the Planetary boundaries framework as marked with a * 

24 Targets for which a country differentiation is foreseen are marked with a superscript + 

25 Monitoring of target’s achievement 

26 B=binding, NB=non-binding 

27 The reference year has been set considering the information reported in http://ec.europa.eu/clima/policies/package/index_en.htm. However, there can be other reference years (e.g. 2005) if considering ETS and 

NON-ETS schemes. 

http://ec.europa.eu/clima/policies/package/index_en.htm
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Impact 

category23 

Proposed target24 Target’s 

year 

Refere

nce 

year  

Monitoring25  Reference  Type of 

target26 

Additional targets 

CFCs production is banned since 2010 

by the Montreal protocol 

Restrictions to production and use of POPs 
(16 substances – 11 pesticides, 2 industrial 
chemicals three by-products) (plus 7 added 
in 2009) 
2011: Ban of Technical endosulfan and its 
related isomers 

2009 
2011 

n.a. yes Amendment to 
annex I of 
Stockholm 
Convention 
Adopted with 
2006/507/EC 

B Stockholm Convention 

Annex A: substances to be eliminated 

Annex B: restriction to production and 

use of some other substances 

List of 786 active substances not to be used 
in pesticides 

2009 n.a. no Regulation 
1107/2009 

B  

Target values by 31 december 2012 for 
ambient concentration (indoor) of: 
Arsenic: 6 ng/m3 
Cadmium: 5 ng/m3 
Nickel: 20 ng/m3 
Benzo(a)pyrene: 1 ng/m3 

2013 n.a. yes Directive 
2004/107/EC 

NB  

Human toxicity, 
non- cancer 
effects 

- 28% NMVOCs 2020 2005 yes COM(2013) 920 
final Package 
adopted on 
18/12/2013 

B Target for 2030: - 50% NMVOCs 

(baseline 2005) 

(COM(2013) 920 final Package 

adopted on 18/12/2013) 

HCFCs phased out by 31/12/2019 2020 n.a. yes Reg 1005/2009/EC B Halons may be placed on the market 

and used for critical uses (Reg 

1005/2009/EC, Annex VI) 

CFCs production is banned since 2010 

by the Montreal protocol 

Restrictions to production and use of POPs 
(16 substances – 11 pesticides, 2 industrial 
chemicals three by-products) (plus 7 added 
in 2009) 
2011: Ban of Technical endosulfan and its 
related isomers 

2009 
2011 

n.a. yes Amendment to 
annex I of 
Stockholm 
Convention on 
persistent organic 
pollutants (POPs) 
(version 2009) 
Adopted with 
2006/507/EC 

B Stockholm Convention 

Annex A: substances to be eliminated 

Annex B: restriction to production and 

use of some other substances 

List of 786 active substances not to be used 
in pesticides 

2009 n.a. no Regulation 
1107/2009 

B  
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Impact 

category23 

Proposed target24 Target’s 

year 

Refere

nce 

year  

Monitoring25  Reference  Type of 

target26 

Additional targets 

Target values by 31 december 2012 for 
ambient concentration (indoor) of: 
Arsenic: 6 ng/m3 
Cadmium: 5 ng/m3 
Nickel: 20 ng/m3 
Benzo(a)pyrene: 1 ng/m3 

2013 n.a. yes Directive 
2004/107/EC 

NB  

Particulate 
matter/Respirator
y inorganics 

-52% Health impacts (premature mortality 

due to particulate matter and ozone) in 
2030 

2020 2000 yes COM(2013) 918 
final 

B -47% reduction in loss of life 

expectancy due to PM 

-59% PM2.5  

Old targets from Thematic strategy on 

air pollution 

-22% reduction of PM2.5 emissions+ 2020 2005 yes COM(2013) 920 
final  

B  

Maximum concentration of Fine particles 
(PM2.5): 25 µg/m3 (averaging period of 1 
year) 

2015 n.a. yes COM 2008/50 EC B  

PM2.5 Exposure concentration obligation 
(Based on 3 year average: 2013, 2014, 
2015)  

2015 n.a. yes COM 2008/50 EC B  

PM2.5 
Exposure reduction target: 
Percentage reduction* 
+ all measures to reach 18 µg/m3 
(AEI) Based on 3 year average+ 

2020 2010 yes COM 2008/50 EC NB  

Ionising radiation, 
human health 

Member States shall set the limit on the 
effective dose for public exposure at 1 mSv 
in a year (to be translated into a comparable 
unit of measurement) 

2010 n.a. no Directive 
2013/59/Euratom 

B  

Photochemical 
ozone formation 

-10% reduction acute mortality due to ozone 2020 2000 no Thematic strategy 
on air pollution 
COM(2005)446 

NB  

- 42% NOx emissions+ 
- 28% VOCs+ 
-59% SO2

+ 

2020 2005 yes COM(2013) 920 
final Package 
adopted on 
18/12/2013 

B 2030 targets (COM(2013) 920 final) 

-  69% NOx emissions 

- 50% VOCs 

-81% SO2 

-33% CH4 

Acidification -59% SO2+ 
-42%NOx+ 

2020 2005 yes COM(2013) 920 
final Package 

B Targets for 2030 (COM(2013) 920 

final) 
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Impact 

category23 

Proposed target24 Target’s 

year 

Refere

nce 

year  

Monitoring25  Reference  Type of 

target26 

Additional targets 

-6% ammonia+ adopted on 
18/12/2013 

-  69% NOx emissions 

-81% SO2 

-27% ammonia 

Eutrophication, 
terrestrial 

43% reduction in areas or ecosystems 
exposed to eutrophication 

2020 2000 no Thematic strategy 
on air pollution 
COM(2005)446 and 

NB  

-42% NOx emissions+ 
-6% ammonia+ 

2020 2005  COM(2013) 920 
final 

B 2030: -  69% NOx emissions (baseline 

2005) 

2030: - 27% ammonia (baseline 2005) 

Eutrophication, 
freshwater* 

Application limits for agricultural activities 
set by single legislations by countries+ 

Differs 
by 
country 

  See Agricultural 
phosphorus 
legislation in Europe  
(Amery, and 
Schoumans, 2014) 
for details 

B  

By fixed deadlines (2012, 2013, 2014, 2015, 
2018), new EU member states must+: 
Guarantee that all agglomerates above 
2000 p.e. are connected to a sewage 
collection system 
Ensure that at least a secondary treatment 
is provided 

2012 
2013 
2014 
2015 
2018 

n.a. yes Directive 
91/271/EEC 
concerning urban 
waste water 
treatment 

B Emission limits:  
 
2 mg/1 P (10 000 – 100’000 p. e.) 
1 mg/1 P (more than 100’000 p. e.) 

Eutrophication, 
marine* 

-42% NOx emissions+ 
-6% ammonia+ 

2020 2005 yes COM(2013) 920 
final 

B 2030: -  69% NOx emissions (baseline 

2005) 

2030: - 27% ammonia (baseline 2005) 

Ecotoxicity 
(freshwater)* 

Restrictions to production and use of POPs 
listed in Annex B of the Stockholm 
convention v.2009 (16 substances – 11 
pesticides, 2 industrial chemicals three by-
products) (plus 7 added in 2009) 
2011: Ban of Technical endosulfan* (CAS No: 
115-29-7) and its related isomers* (CAS No: 
959-98-8 and CAS No: 33213-65-9) 

2009 
2011 

n.a. yes Amendment to 
annex I of 
Stockholm 
Convention on 
persistent organic 
pollutants (POPs) 
(version 2009) 
Adopted with 
2006/507/EC 
Based on  

B Stockholm Convention 

Annex A: substances to be eliminated 

Annex B: restriction to production and 

use of some other substances 

Environmental quality standards for 33 
substances  

2008 (PS 
concentr
ation) 

 yes Directive 
2008/105/EC 
(EQSD) 

B 13 priority hazardous substances to 

be phased out by 2028 
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Impact 

category23 

Proposed target24 Target’s 

year 

Refere

nce 

year  

Monitoring25  Reference  Type of 

target26 

Additional targets 

2015: According to Annex V, point 1.4.3 of 
the WFD and Article 1 of the EQSD, good 
chemical status is reached for a water body 
when it complies with the EQS for all the 
priority substances and other pollutants 
listed in Annex I of the EQSD. 

2028 
(PHS 
ban) 

Environmental quality standards for 48 
substances 

Year of 
adoption 
(for PS 
concentr
ation) 
2028 
(for PHS 
ban) 

n.a. yes COM 2011/876 NB 21 additional priority hazardous 

substances to be phased out by 2028 

Two-year ban of neonicotinoids: 
thiamethoxam, clothianidin and imidacloprid 

2013 n.a. no Regulation (EU) No 
485/2013 

B  

All biocidal products require an authorisation 
before they can be placed on the market 

2013 n.a. yes Biocidal Products 
Regulation (BPR): 
Regulation (EU) 
528/2012 

B Repeals the Biocidal Products 

Directive (Directive 98/8/EC) 

-50% pesticides 2018 2008 yes French Ministry for 
Agriculture, Food 
and Forests (2010) 

NB  

 

 

Target values by 31 december 2012 for 
ambient concentration (indoor) of: 
Arsenic: 6 ng/m3 
Cadmium: 5 ng/m3 
Nickel: 20 ng/m3 
Benzo(a)pyrene: 1 ng/m3 

2013 n.a. yes Directive 
2004/107/EC 
(Heavy metals in 
air) 

NB  

Land use* No net land take 2050 n.a. yes Roadmap to 
resource efficient 
EU COM(2011) 571 
final 

NB  

No global forest loss 2030 n.a. yes COM(2008) 645 NB  

Zero net land degradation 2030 n.a. yes UN, 2012 NB  

Zero net forest degradation 2030 n.a. yes UN, 2012 NB  
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Impact 

category23 

Proposed target24 Target’s 

year 

Refere

nce 

year  

Monitoring25  Reference  Type of 

target26 

Additional targets 

Resource 
depletion, water* 

Water abstraction should stay below 20% of 
available renewable water resources 

2020 n.a. No Roadmap to 
resource efficient 
EU COM(2011) 571 
final 

NB  

Resource 
depletion, 
mineral, fossil 
and renewable 

Increase of resource productivity of well over 
30% by 2030. 

2030  yes EREP, 2012 NB  

Recycling targets for batteries (by average 
weight): 
65% of lead acid batteries 
75% of nickel cadmium batteries 
50% of other batteries 

2011 n.a. yes Directive 
2006/66/EC 

B  

WEE recovery and recycling 2012 
2015 
2018 

n.a. yes Directive 
2012/19/EU 

B  

EoL of vehicles (targets by average weight 
per vehicle per year): 
Reuse and recovery: 95% 
Reuse and recycling: 85% 

2015 n.a. yes Directive 
2000/53/EC 

B  

Recycling and reuse of 70% by weight of 
non-hazardous construction and demolition 
waste 

2020 n.a. no Directive 
2008/98/EC 

B  

Recycling and reuse of 50% by weight 

of paper, plastic, glass and metal from 

households 

2020 n.a. yes Directive 

2008/98/EC 

B  
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Table A3. 2 Examples of targets and objectives affecting specific products or product categories 

Impact category Target/Objective Reference 

Climate change Phase out of mobile air conditioning systems designed to use F-gases with GWP >150 for 
new vehicles by 2017: 

Directive 2006/40/EC: 

Limit fleet average CO2 emissions from new cars to: 130 g/km by 2015 ; 95 g/km by 2020 Regulation 443/2009/EC 
Reduce maximum sulfur content of marine fuels from 3.5% to 0.5% by 2020. Directive 2012/33/EC 

Human toxicity, cancer 

effects 

Since 2005, cement and cement-containing preparations may not be used or placed on the 
market, if they contain, when hydrated, more than 0,0002 % soluble chromium VI of the 
total dry weight of the cement 

Directive 2003/53/EC 
 

Eutrophication, 

freshwater 

By 30 June 2013: Consumer laundry detergents” total content of P< 0,5 grams in the 
recommended quantity of the detergent to be used in the main cycle of the washing process 
for a standard washing machine load as defined in section B of Annex VII for water of hard 
water hardness 
By 1 January 2017: Consumer automatic dishwasher detergents total content of P < 0,3 
grams in the standard dosage as defined in section B of Annex VII 

Regulation 648/2004 

Ecotoxicity, freshwater Voluntary agreement to phase out mercury in their production processes by 2020 Euro Chlor (association of chloro-alkali 
process plant operators in EU) 

Resources, water Eco-label criteria for water-related products (taps and showers) Commission Decision (2013/250/EU) 

 

Table A3.3 Specific targets for Domestic material consumption, only mass-based  

 Metals  Non-metallic minerals Fossil fuels Biotic resources 

DYNAMIX 

(2014) 

-80% by 2050 
(compared to 2010) 

 partially covered in greenhouse 
gas emissions and nutrient 
inputs targets 

already included in 
greenhouse gas 
emissions targets 

 

European 

Commission 

(BioIS, 

2012) 

-20% by 2020 
-50% by 2050 

 -50% by 2020 
-85% by 2050 

-30% by 2020 
-95% by 2050 

0% by 2020 
0% by 2050 

 Material consumption (DMC) -30% by 2020 -70% by 2050 (baseline 2005) 

Bringezu 

(2009) 

 Abiotic resources: -80% from base value pro-capite 2000  constant domestic extractions 
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Annex 4 Normalisation references for hotspot analysis28 

In order to develop normalisation factors for hotspots analysis there is the need of adapting existing policy and 

science based targets to LCA framework, depicting the three possible reference scenarios: 

 BASELINE: Current environmental scenario reflecting the status quo in 2010.  

 POLICY -BASED TARGET in 2020: assuming that all the binding targets at the macro scale are achieved 

in 2020 in the different impact categories (see Annex 3 for an overview of the macro-scale targets). 

Two sets are developed: applying binding targets only and applying binding and non-binding targets. 

 SCIENCE-BASED TARGET in 2020: set of normalisation factors developed assessing carrying capacity29.  

The scenarios are translated in set of normalisation factors, representing reference environmental pressure 

and impacts at the macro scale. 

Table A4.1 Normalization datasets (totals) to be applied for assessing the relevance of 

environmental impacts. EU27 domestic production in 2010, Carrying capacity-based targets. 

Impact category Unit EU27 – Domestic 

production, 2010 

Carrying capacity-based targets, year 

201030 

Climate change kg CO2 eq. 4.55E+12 1.8E+12 kg CO2 eq.; 

Or 9.4E+11 kg CO2 eq. 

Ozone depletion kg CFC-11 eq 1.08E+07 4.1E+07 kg CFC-11-eq 

Human toxicity- 

cancer effect 

CTUh 1.84E+04 NA 

Human toxicity- non 

cancer effect 

CTUh 2.66E+05 NA 

Acidification molc H+ eq 2.36E+10 1.1E+12 molc H+ eq 

Particulate matter kg PM2.5 eq 2.41E+09 NA 

Freshwater 

Ecotoxicity 

CTUe 4.36E+12 7.7E+12 [PAF]*m^3*day31 

Ionizing radiations kg U235 eq 5.64E+11 NA 

Photochemical 

ozone formation 

kg NMVOC eq 1.59E+10 3.4E+10 kg NMVOC eq 

Terrestrial 

eutrophication 

molc N eq 8.73E+10 1.4E+12 eq N 

Freshwater 

eutrophication 

kg P eq 7.41E+08 8.72E+08 kg P eq 

Marine 

eutrophication 

kg N eq 8.42E+09 2.44E+10 kg N eq 

Land use kg C deficit 3.15E+14 8.65E+08 ton; Or 

7.02E+12 m2*year 32 

Resource depletion 

water 

m3 water eq 3.95E+10 9.5E+11 m3 

                                                        

28 References of this annex are within the list of references of Annex 3 

29 These factors do not fully match with the 14 impact categories of ILCD. 

30 values taken from Bjørn A. and Hauschild M. Z. (2014) Introducing carrying capacity based normalization in LCA: framework and 

development of references at midpoint level. In review. Confidential report, not to be further distributed at this stage 

31 unit of measurement not as used in ILCD 
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Mineral, fossil & 

renewable resource 

depletion 

kg Sb eq. 5.03E+07 NA 

 

Table A4.2 Normalization datasets (per person) to be applied for assessing the relevance of 

environmental impacts. EU27 domestic production in 2010, Carrying capacity-based targets. 

Impact category Unit EU27 – Domestic 

production, 2010 

Carrying capacity-based targets, year 201032 

Climate change kg CO2 eq. 9.10E+03 2.5 ton CO2-eq; or  
1.3 ton CO2-eq 

Ozone depletion kg CFC-11 
eq 

2.16E-02 5.7E-02 kg CFC-11-eq 

Human toxicity- 

cancer effect 

CTUh 3.68E-05 NA 

Human toxicity- non 

cancer effect 

CTUh 5.32E-04 NA 

Acidification molc H+ 
eq 

4.72E+01 1.6*103 

mole H+ eq 

Particulate matter kg PM2.5 
eq 

4.82E+00 NA 

Freshwater 

Ecotoxicity  

CTUe 8.71E+03 1.1*104 [PAF]*m3*day 33 

Ionizing radiations kg U235 
eq 

1.13E+03 NA 

Photochemical 

ozone formation 

kg NMVOC 
eq 

3.18E+01 49 kg NMVOC-eq 

Terrestrial 

eutrophication 

molc N eq 1.74E+02 2.0*103 mole N eq 

Freshwater 

eutrophication   

kg P eq 1.48E+00 1.3kg P eq 

Marine 

eutrophication 

kg N eq 1.68E+01 35 kg N eq 

Land use kg C 
deficit 

6.30E+05 1.2 tons (eroded soil); or  
1.0*104 m2*year 34 
 

Resource depletion 

water 

m3 water 
eq 

7.89E+01 1361 m3 (blue water) 

Mineral, fossil & 

renewable resource 

depletion 

kg Sb eq. 1.00E-01 NA 

                                                        

32 values taken from Bjørn A. and Hauschild M. Z. (2014) Introducing carrying capacity based normalization in LCA: framework and 

development of references at midpoint level. Paper in preparation.  

33 unit of measurement not as used in ILCD 
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Table A4.3 Normalization factors according to achievement of binding and binding and non-binding target in 2020, applied on EU27 domestic production 

in 2010, EU27 apparent consumption 2010 

 

 

Normalization factor

Climate 

change 

midpoint

Ozone 

depletion 

midpoint

Human 

toxicity 

midpoint, 

cancer 

effects

Human 

toxicity 

midpoint, 

non-cancer 

effects

Particulate 

matter/Respi

ratory 

inorganics 

midpoint

Ionizing 

radiation 

midpoint, 

human 

health

Photochemic

al ozone 

formation 

midpoint, 

human 

health

Acidification 

midpoint

Eutrophicatio

n terrestrial 

midpoint

Eutrophicatio

n freshwater 

midpoint

Eutrophicatio

n marine 

midpoint

Ecotoxicity 

freshwater 

midpoint

Land use 

midpoint

Resource 

depletion 

water, 

midpoint

Resource 

depletion, 

mineral, 

fossils and 

renewables, 

midpoint

Current situation 2010 4.60E+12 1.08E+07 1.84E+04 2.66E+05 1.87E+09 5.64E+11 1.58E+10 2.36E+10 8.76E+10 7.41E+08 8.44E+09 4.36E+12 3.56E+13 4.06E+10 5.03E+07

relative change to 2005 -9.0% -12.5% 0.8% 10.1% -15.7% 0.3% -18.5% -22.3% -13.1% -25.5% -13.2% -1.4% -87.6% 3.7% -48.9%

Situation in 2005 5.06E+12 1.24E+07 1.82E+04 2.41E+05 2.22E+09 5.62E+11 1.94E+10 3.03E+10 1.01E+11 9.95E+08 9.72E+09 4.42E+12 2.86E+14 3.92E+10 9.85E+07

Policy scenario 2020: binding, 

NMVOC method2 (by flow), 

HFCFs, Pests, Air Quality, CC 4.49E+12 1.04E+07 1.64E+04 2.65E+05 1.59E+09 5.64E+11 1.24E+10 2.00E+10 7.69E+10 7.41E+08 7.48E+09 4.24E+12 3.56E+13 4.06E+10 5.03E+07

delta 2010 -1.13E+11 -4.70E+05 -2.01E+03 -9.06E+02 -2.79E+08 0.00E+00 -3.41E+09 -3.59E+09 -1.07E+10 0.00E+00 -9.54E+08 -1.28E+11 0.00E+00 0.00E+00 0.00E+00

relative change to 2010 -2.45% -4.33% -10.9% -0.34% -14.9% 0.0% -21.6% -15.2% -12.2% 0.0% -11.3% -2.9% 0.0% 0.0% 0.0%

relative change to 2005 -11.28% -16.3% -10.2% 9.7% -28.2% 0.3% -36.1% -34.1% -23.7% -25.5% -23.0% -4.3% -87.6% 3.7% -48.9%

Policy scenario 2020: binding + 

non-binding (water, LU, pests -

50%, CFCs) 4.49E+12 1.04E+07 1.64E+04 2.65E+05 1.59E+09 5.64E+11 1.24E+10 2.00E+10 7.69E+10 7.41E+08 7.48E+09 3.86E+12 3.11E+13 6.36E+09 7.79E+07

delta 2010 -1.13E+11 -4.70E+05 -2.01E+03 -9.59E+02 -2.79E+08 0.00E+00 -3.41E+09 -3.59E+09 -1.07E+10 0.00E+00 -9.54E+08 -5.06E+11 -4.47E+12 -3.42E+10 2.76E+07

relative change to 2010 -2.45% -4.33% -10.93% -0.36% -14.88% 0.00% -21.6% -15.2% -12.2% 0.00% -11.31% -11.59% -12.56% -84.33% 54.87%

relative change to 2005 -11.28% -16.29% -10.20% 9.71% -28.21% 0.33% -36.06% -34.13% -23.68% -25.52% -23.01% -12.79% -89.11% -83.75% -20.92%
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Methodology for defining normalisation factor at 2020 

The normalisation factors in table 9 are the results of modification in the inventories of year2010, 2005 and 

1990 for calculating future possible normalization based on: 

 SET A: only binding targets in 2020 

 SET B: binding and non-binding targets in 2020 

A third set, SET C, may refer to a scenario at 2030 (not provided). Some targets at 2030 have been used to 

linearly derive non-binding targets for 2020. An additional list based on 2030 targets could be calculated as 

well. 

In distance-to-target weighting methods the weighting factor is defined for each environmental impact 

category as the ratio between the actual impact and the target impact. Some examples of existing distance-

to-targets methods are (Huppes, G. & L. van Oers, 2011): 

 Eco-scarcity method v. 2013 (Frischknecht and Büsser Knöpfel, 2013): Eco-factors, expressed as eco-

points (EP = UBP) per unit of pollutant emission or resource extraction, are the key parameter used by 

the method. With this method, eco-factors are determined based on the current emissions situation 

and the political targets set by Switzerland or by inter-national policy and supported by Switzerland. 

The method was first published in 1990. 

 EDIP 1997 method (Wenzel et al., 1997, Hauschild and Wenzel, 1998): weighting is based a Distance-

to-Target approach using political reduction targets (only binding targets) for environmental impacts 

and working environment impacts, and supply horizon for resources. The weighted environmental 

impact potential (WEP) is expressed in the unit "target person-equivalent", i.e. as parts of that person-

equivalent which corresponds to the chosen target impact in the weighting. 

The present work applies distance-to-target method using binding and non-binding policy targets. The 

methodological choices adopted are: 

 Re-scaling of the target to 2020 through linear interpolation when the policy target refers to a period 

in time beyond 2020 (e.g. some targets at 2030 have been used to linearly derive non-binding targets 

for 2020) 

 When a target is set for the year 2020 and refers to a baseline other than2010, the target-based 

factor in 2020 has been calculated consistently with the related inventory year (e.g. GHGs’ reductions 

at 2020 should be assessed compared to 1990, therefore the -20% has been applied to 1990 figures). 

Application at the level of elementary flows and proportional burden-sharing. This implies that the 

reduction may simultaneously affect different impact categories (e.g. a reduction of NOx will imply 

reduction of normalisation factors for acidification, photochemical ozone formation, etc.). In case that 

the target is set at the mid-point level and not at the flow level, the reduction burden is proportionally 

shared among all those substances contributing to the impact category, unless other policies have 

already imposed higher reduction targets on a specific substance. In that case the highest target is 

adopted.  

Climate change 

The EU climate and energy package was adopted in 2009 to implement the 20-20-20 targets endorsed by EU 

leaders in 2007; by 2020 there should be a 20% reduction of GHG emissions compared with 1990, a 20% 

share of renewables in EU energy consumption, and energy improvement by 20%. 

The core of the package comprises four pieces of complementary legislation34: 

1 Revision and strengthening of the EU Emissions Trading System (ETS): a single EU-wide cap on emission 

allowances from 2013 onwards, with a linear annual reduction until 2020 and beyond; the progressive 

                                                        

34 Source: EEA, www.eea.europa.eu/themes/climate/policy-context  
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replacement of free allocation of allowances by auctioning; and an expansion of the system to new sectors 

and gases. 

2 An "Effort Sharing Decision" for emissions from sectors not covered by the EU ETS, e.g. transport, housing, 

agriculture and waste. Each Member State will have to achieve a binding national emissions limitation 

target for 2020. Overall, these national targets will cut the EU’s emissions from the non-ETS sectors by 

10 % by 2020 compared with 2005 levels. 

3 Binding national targets for renewable energy: this will help reduce EU’s dependence on imported energy 

as well as bring down GHG emissions. 

4 A legal framework to promote the development and safe use of carbon capture and storage (CCS). 

In the present exercise, the target considered is 20 % reduction of GHG emissions compared with 1990. 

Several substances that affect climate change have CFs also in other impact categories. Hence, a linear 20% 

reduction applied to these flows in addition to other specific reductions foreseen for single flows (e.g. ban of 

ozone depleting substances) would lead to a cumulative reduction of climate change effect above 20%. 

Therefore, 20% reduction in CO2eq with respect to 1990 emissions has been achieved after reducing the 

relative contribution of substances having CFs also in other impact categories, as specific elementary flow. No 

additional modifications were done on the inventory for those substances already subject to phasing-out 

measures or other reduction measures that implied a reduction higher than 20% (i.e. pesticides, ozone-

depleting substances and POPs ban; reduction of NMVOCs by 28%). Then, a new reduction target equal to 19%, 

had been calculated for the GHGs not subject to other measures (e.g. CO2, CH4, N2O) so to reach the reduction 

target of 20% from 1990. 

Ozone depletion 

Regulation 1005/2009/EC imposes the ban of HCFCs by 2019. According to this, HCFC are introduced as zero 

in the inventory, assuming that a release to air, soil and water is equal to zero. This implies an assumption that 

not being produced, they are not released. This could be an overestimation of reduction, as a release could 

stem from existing products/ appliances (e.g. cooling systems).  

For some HCFC (e.g. 31 and 21) CFs are missing in the ILCD (as well as in source, WMO, 1999) whereas in the 

regulation posing the ban (Reg 1005/2009) an ozone depletion potential is reported in the annex I. 

According to Regulation 1005/2009, Halons may be placed on the market and used for critical uses, therefore 

they were not put to zero in the inventory. 

CFC: some of them are reported as controlled substance, under specific circumstances and under a system of 

quota, those substances could still be released. Therefore, we left them in the inventory and marked with *.  

The use of methyl bromide has been prohibited since 18 March 2010, except in an emergency, to prevent the 

spread of pests or disease. This has no effect on the sets because the ILCD elementary flow is missing. 

Photochemical ozone formation 

Airbone emission in the inventory has been reduced following COM(920) 2013. The reduction has been applied 

to 2005 data. 

Whereas NOx and SOx reductions have been applied directly to elementary flows, NMVOC reduction of 28% 

may be applied following three options: 

1 Reduction on aggregated NMVOC inventory figures for 2005 (7.01 E09 kg NMVOCeq). No breakdown of 

substances, only aggregated figures. The characterization factor for total NMVOC is 1. Hence, the new 

normalization factor of NMVOC obtained applying this reduction would be 5.05 E09 kg NMVOCeq. In this 

case, the reduction will not influence other impact categories. 

2 Reduction of the normalization values for NMVOC at midpoint. Contribution in 2010 is 4.88E9 kg 

NMVOCeq - 31% of the overall figure. New factor applying 28% of reduction would be 3.98E9 kg 

NMVOCeq. In this case, the reduction will not influence other impact categories. 

3 Linear reduction of each NMVOC elementary flow, as resulting from substances breakdown - assuming 

equal reduction of each contributor -. The new normalization factor of NMVOC is again 3.98E9 kg 
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NMVOCeq. However, this implies a reduction in other impact categories as well. Namely, Climate change 

-2.45E08 kgCO2eq, Human toxicity cancer -1.96E03 CTUh, Human toxicity non cancer -5.75E02 CTUh, 

Ecotoxicity -3.59E09 CTUe.     

 

Table A4.4 Normalization factors for policy scenario 2020 binding in the case of NMVOCs method 

1 and in the case of NMVOCs method2 (reduction by flow) application. 

Impact category 

Policy scenario 

2020: binding, 

NMVOC 

method1 

Policy scenario 

2020: binding, all 

NMVOCs method2 

(by flow) 

Climate change midpoint 4.59E+12 4.60E+12 

Ozone depletion midpoint 1.02E+07 1.08E+07 

Human toxicity midpoint, 
cancer effects 

1.24E+04 1.64E+04 

Human toxicity midpoint, 
non-cancer effects 

2.61E+05 2.65E+05 

Particulate 
matter/Respiratory 
inorganics midpoint 

1.90E+09 1.90E+09 

Ionizing radiation midpoint, 
human health 

5.64E+11 5.64E+11 

Photochemical ozone 
formation midpoint, human 
health 

1.60E+10 1.49E+10 

Acidification midpoint 2.36E+10 2.36E+10 

Eutrophication terrestrial 
midpoint 

8.76E+10 8.76E+10 

Eutrophication freshwater 
midpoint 

7.41E+08 7.41E+08 

Eutrophication marine 
midpoint 

8.44E+09 8.44E+09 

Ecotoxicity freshwater 
midpoint 

4.35E+12 4.36E+12 

Land use midpoint 3.74E+13 3.74E+13 

Resource depletion water, 
midpoint 

4.06E+10 4.06E+10 

Resource depletion, mineral, 
fossils and renewables, 
midpoint 

5.03E+07 5.03E+07 

 

In SET A, the third option (linear reduction) has been applied as this guarantees consistency with other impact 

categories in the accounting approach. 

Since we have indicators at midpoint, the reported target related to the reduction 10% acute mortality has not 

been taken into account. 

 

Ecotoxicity 

Identified binding targets affecting ecotoxicity are: 

 Restrictions to production and use of POPs listed in Annex B of the Stockholm convention on persistent 

organic pollutants (POPs) adopted with Council Decision 2006/507/EC. A further amendment was 

issued in 2011, stating the ban of Technical endosulfan and its related isomers. 
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 Regulation (EC) No 1107/2009 of the European Parliament and of the Council of 21 October 2009 

concerning the placing of plant protection products on the market (repealing Council Directives 

79/117/EEC and 91/414/EEC). The regulation lists substances that are not authorized in EU as active 

substances in pesticides. 

 All biocidal products require an authorization before they can be placed on the market according to 

Regulation (EU) 528/2012 

 Regulation (EU) No 485/2013) implies a two-year ban of neonicotinoids: thiamethoxam, clothianidin 

and imidacloprid. 

Details of the modifications of the inventory based on the previous issues are provided below. 

POP’s: banned POP’s according to Stockholm convention (adopted with Council Decision 2006/507/EC) are put 

to zero in the inventory. A star * is added in the in inventory where substances are subject to exemptions 

allowing some types of production/use. 

Table A4.5 List of substances put to zero in the inventory 

Aldrin* 

Alpha hexachlorocyclohexane 

Beta hexachlorocyclohexane 

Chlordane* 

Chlordecone 

Dieldrin* 

Endrin 

Heptachlor* 

Hexabromobiphenyl 

Hexabromodiphenyl ether* 

Heptabromodiphenyl ether* 

Hexachlorobenzene 

Lindane* 

Mirex* 

Pentachlorobenzene 

Polychlorinated biphenyls (PCB)* 

Tetrabromodiphenyl ether*  

Pentabromodiphenyl ether* 

Toxaphene 

Technical endosulfan* and its related isomers* 

DDT 

 

 

Chemicals proposed for being listed under the convention are removed only in the SET B. 

Table A4.6 List of substances proposed for being listed under the Stockholm Convention 

Hexabromocyclododecane  
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Short-chained chlorinated paraffins  

Chlorinated naphthalenes  

Hexachlorobutadiene  

Pentachlorophenol   

 

Table A4.7 List of substances not authorized in EU put to zero in the inventory35:  

Substance Reference 

Aldicarb Reg 1107/2009 not approved 

Atrazine Reg 1107/2009 not approved 

Terbufos Reg 1107/2009 not approved 

Cyanazine Reg 1107/2009 not approved 

Metolachlor Reg 1107/2009 not approved 

Simazine  Reg 1107/2009 not approved 

Parathion-methyl Reg 1107/2009 not approved 

Parathion Reg 1107/2009 not approved 

Carbofuran  Reg 1107/2009 not approved 

Trifluralin Reg 1107/2009 not approved 

Acephate Reg 1107/2009 not approved 

Azinphos ethyl Reg 1107/2009 not approved 

Azinphos methyl Reg 1107/2009 not approved 

Benomyl Reg 1107/2009 not approved 

Dicofol Reg 1107/2009 not approved 

Isofenphos Reg 1107/2009 not approved 

Paraquat Reg 1107/2009 not approved 

Prometrin Reg 1107/2009 not approved 

Propoxur Reg 1107/2009 not approved 

Profenofos Reg 1107/2009 not approved 

Chlorfenvinphos36 Reg 1107/2009 not approved 

Terbutryn  Reg 1107/2009 not approved 

Imidacloprid Regulation (EU) No 485/2013 

Regulation (EU) No 485/2013) implies a two-year ban of neonicotinoids: thiamethoxam, clothianidin and 

imidacloprid. Imidacloprid was set as zero. Thiamethoxam and clothianidin are not included in ILCD. 

                                                        

35 We decided to not include substances that were banned as pesticide but used and released in other context (e.g. formaldehyde, 

napthalene) 

36 Industrial release in the inventory has been left 
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According to Regulation (EU) 528/2012, all biocidal products require an authorisation before they can be placed 

on the market. Due to the nature of the restriction (single authorization for each product instead of a list of 

banned or restricted substances), no related modification could be applied to the inventory. 

Regulation (EC) No 1907/2006 (and subsequent amendments) about Registration, Evaluation, Authorisation 

and Restriction of Chemicals (REACH) implies the restriction in use of some chemicals, considered of very high 

concern. Since there is no ban list yet, no modification has been made to the inventory. 

According to Annex V, point 1.4.3 of the Water Framework Directive (WFD, Directive 2000/60/EC) and Article 1 

of the Environmental Quality Standard Directive (EQSD, Directive 2008/105/EC), good chemical status is 

reached for a water body when it complies with the EQS for all the priority substances and other pollutants 

listed in Annex I of the EQSD. The list identified 33 substances or group of substances shown to be of major 

concern for European Waters. Within this list, 11 substances were identified as priority hazardous substances 

and are therefore subject to cessation or phasing out of discharges, emissions and losses within an appropriate 

timetable not exceeding 20 years (i.e. before 2028). A further 14 substances were identified as being subject 

to later review. Their status was addressed in the Commission proposal on environmental quality standards 

that became the Directive on Environmental Quality Standards.  

Some of the priority hazardous substances (PHS) were already set as zero because they are subject to other 

ban and restriction. For the others, a linear reduction from 2010 to 2028 has been applied to introduce the 

amount expected in 2020. 

The emission of metals in freshwater is regulated under the Urban Waste Water Treatment Directive (Directive 

91/271/EEC). This has already been taken into account in the 2010 inventory. No new target is foreseen for 

2020. 

A non-binding target applied in SET B refers to PHS to be phased out by 2028 following proposal of amendment 

of WFD (COM 876, 2011), not yet adopted, i.e. not yet binding. As for the binding target, some of the priority 

substances were already set as zero because they are subject to other ban and restriction. For the others, a 

linear reduction from 2010 to 2028 has been applied to introduce the amount expected in 2020. 

Particulate matter 

A problem of double counting of particulate matter (PM) effects due to the inclusion of both PM2.5 and PM10 

in the inventory has been posed. This can affect also in the case of 2020 inventories, so a solution need to be 

identified. 

Problem: the current method recommended by ILCD (Humbert, 2009) assigns a CF to both PM10 and PM2.5. 

While the CF for PM10 is derived from literature data, the CF for PM2.5 is based the assumption that all the 

effects associated to PM10 are due to PM2.5 fraction (which is assumed to be around 60% of total PM10). 

Therefore, an inventory which includes both PM10 and PM2.5, originating from the same source) implies double 

counting of the PM2.5 fraction. 

It is not possible to separate the flows of PM2.5 and PM2.5 to 10 to avoid double counting because no CF is 

available for the coarse fraction (2.5 to 10), 

Possible solutions: 

1) The inventory should include only PM10. PM2.5 originating from the same source is not considered 

because it is supposed to be already included in PM10. 

2) The inventory should include only PM2.5 because this is the fraction, which is responsible for the 

majority of the effects. 

Reasons for choosing PM10: 

a) The CF of PM10 is based on literature data, whereas CF of PM2.5 is derived from this one 

b) If we consider PM10, all the PM included in the inventory is taken into account 

Reasons for choosing PM2.5 
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a) Even if the CF is based on an estimation, literature data suggest that PM2.5 fraction is the highest 

contributor to the total effect of PM, i.e. a higher CF assigned to PM2.5 

b) Policy targets are addressed to PM2.5 because it is considered as the most relevant fraction on 

which a reduction of emission is needed 

c) Considering data from the inventory 2010, the impact generated by PM2.5 fraction is three times 

higher than the one generated by PM10. 

Considering the reasons mentioned before, PM2.5 was chosen as the only PM elementary flow. A 22% reduction 

(with respect to 2005 year) was applied to it in the 2020 inventory, as foreseen in the COM(2013) 920 final 

Package adopted on 18/12/2013. 

The PM normalisation factor for the set at 2020 is the result of two reductions: the abovementioned 22% on 

PM2.5 elementary flow and the reduction on PM precursors (NOx, SO2 and ammonia), derived from COM(2013) 

920 final Package adopted on 18/12/2013 (as applied for photochemical ozone formation, acidification and 

eutrophication). 

Ionising radiation –human health 

Directive 2013/59/EURATOM states a binding target for 2010 for all Member States, setting a limit on the 

effective dose for public exposure at 1 mSv in a year (in addition to other targets for specific working 

conditions). 

The current midpoint indicator in ILCD is expressed in kBqU-235. Despite Frischknecht et al. (2000) provides 

conversion factor from mSv to kBqU-235, the calculation for the inventory update would require more specific 

information on the sources.  

Therefore, no modification is applied. 

Freshwater eutrophication 

New MS have to comply with the requirement of Urban Waste Water Treatment Directive (Directive 

91/271/EEC) within a defined period after their entrance in the EU. 

We modified the inventory accounting for targets imposed to new MS, in which there is the requirements of: 

being connected to sewage system for agglomerate of more than 2000 inhabitants, and at least a secondary 

treatment. 

Land use 

Binding targets for land use are not in place. A non-binding target for land use is set in the Roadmap to a 

resource efficient Europe COM(2011)571. The objective is No net land take by 2050. The document states that 

if we have to reach the state of no net land take by 2050, following a linear path, we would need to reduce 

land take to an average of 800 km² per year in the period 2000-2020.  

The current inventory accounts for an average of 2,27E03 km2/y of transformation to settlement, including 

non-built-up areas. By applying the linear trend envisaged in the COM(2011)571 needed to reach zero net land 

take in 2050, in 2020 the transformation to settlement should be equal to 1,70E03 km2. The transformation 

is assumed to occur from cropland to settlements, leading to a cumulative change in the occupation area in 

2020. 

The variation is applied to SET B. 

There are some other non-binding targets, listed below, for which we could not apply any modification to the 

inventory: 

 Maintaining and enhancing ecosystems and their services by establishing green infrastructures and 

restoring at least 15% of degraded ecosystems, as foreseen in the EU Biodiversity strategy to 2020 

(European Parliament resolution (2011/2307(INI)). 

 To halt global forest cover loss by 2030 at the latest and to reduce gross tropical deforestation by at 

least 50 % by 2020 compared to current levels, as proposed in COM (2008) 645 
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Water resources 

The Roadmap to resource efficient EU suggests that by 2020 “water abstraction should stay below 20% of 

available renewable water resources”. The long-term annual average (LTAA) data on freshwater resources in 

EU27 had been retrieved from Eurostat (OECD/Eurostat Joint Questionnaire - Inland Waters) and the reduction 

objective had been quantified in a maximum of 3.938 E13 kg to be withdrawn in 2020 in EU27. In order to be 

effective, such objective should be applied also at country and catchment scales as regional differences play 

a fundamental role in water resources management. Such aspect, however, cannot be taken into account within 

the normalization factor at EU27 scale, as the geographical differentiation is collapsed in a single cumulative 

figure. 

Resources 

The resource efficiency flagship initiative has been focused on identifying appropriate strategies to enhance 

sustainable use of the resources. So far, several targets have been discussed (see table 6, annex 3). Moreover, 

a number of resource-related targets (especially on resource reuse and recovery through waste management, 

table below) are applied on products but those are not applicable due to the current structure of the inventory. 

Table A4.8 Resource-related targets applied on products 

Target area of 

intervention 

Target’s 

year 

Country 

differenti

ation  

Scale  Reference Binding- non 

binding 

WEE recovery and 
recycling 

2012 

2015 

2018 

no EU 
level 

Directive 
2012/19/EU 

Binding 

EoL of vehicles (targets 
by average weight per 
vehicle per year): 

Reuse and recovery: 
95% 

Reuse and recycling: 
85% 

2015 no EU 
level 

Directive 
2000/53/EC 

Binding 

Recycling and reuse of 
70% by weight of non-
hazardous construction 
and demolition waste 

2020 no EU 
level 

Directive 
2008/98/EC 

Binding 

Recycling and reuse of 
50% by weight of 
paper, plastic, glass and 
metal from households 

2020 no EU 
level 

Directive 
2008/98/EC 

Binding 

 

A clear objective of increase in resource productivity is set in the Roadmap to resource efficient Europe 

(COM(2011) 571), as reported below:  

“To double – at least – resource productivity by 2030 in order to boost competitiveness and improve the quality 

of life of our citizens. Such a target would be equivalent to an increase of resource productivity of well over 

30% by 2030.” 
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Such objective, however, is monitored on the basis of the ratio between the economic performance (GDP) and 

the overall domestic consumption of materials, including both biotic and abiotic resources (DMC or more 

recently, RMC): GDP/DMC. 

An increase by 30% of such ratio could then be achieved by several combinations of the abovementioned 

factors, mostly an increase in GDP and/or an overall reduction in DMC. Being EU27 GDP trends from now to 

2030 hard to be foreseen, the reduction of DMC in 2030 by 2030, with reference to 2005 requires to introduce 

too many assumptions in the inventory. 

Hence, based on a recent study commissioned by EU (Bios, 2012), we act on the on the inventory (list B) 

applying absolute values in terms of reduction of mass - compared to 2005 figures-, as follows: 

-20% on metals  

- 50% on non-metallic minerals 

-30% on fossil fuels 

The rest of the inventory, has been reduced of 30% in mass, according to overall reduction of DMC of 30%. 

These reductions have been applied on EU resource extraction figures only. As from statistics we know that 

nearly half of the EU-27 DMC in 2012 consists of non-metallic minerals, whereas biomass and fossil energy 

materials each make up approximately one fourth of DMC (source: Eurostat). 
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Annex 5 Sustainability principles and strategies for target 

setting37 

By assessing megatrends in economy, technology, society and environment (EEA, 2011) it is clear that a shift 

of production and consumption towards sustainability should be a policy priority. As stated in (EEA 2011), 

Europe contributes to global environmental pressures and accelerating feedbacks through its dependence on 

fossil fuels, mining products and other imports. Conversely, changes elsewhere increasingly affect Europe, both 

directly as in the case of environmental change or indirectly through, for example, intensified socio-economic 

pressures 

Globally recognized sustainability problems and objectives are reported in a plethora of strategic documents, 

covering almost any aspects of nature-humankind interaction. Sustainability science seek to answer a number 

of basic questions, as those listed in figure A5.1 

 

Figure A5.1 Classification of the many framings of Sustainable Development (modified from NRC, 

1999)  

Widely cited examples of documents setting objectives and strategies for sustainability are, e.g.: 

 Agenda 21: 40 chapters defining the relevant issues and topics for sustainability from environmental 

protection to role of stakeholders (UN, 1992) 

 International strategies for sustainable development [(e.g. the EU sustainable development strategy 

(CEC 2001 and CEC 2009) that depict the EU vision on sustainable development, highlighting key topic 

to be mainstreamed within the EU policy context]  

 Millennium Development Goals (MDG) (UN 2000), which address main challenges for developing 

countries  

 OECD Development Assistance Committee (DAC) Guidelines Strategies for Sustainable Development 

(OECD 2001a)] and the OECD Environmental Strategies for the first decades of 21st century 

These documents set a number of principle and strategies for sustainability. For examples, the OECD 

Environmental Strategy for the First Decade of the 21st Century (OECD, 2001b) defines four specific criteria 

                                                        

37 References of this Annex are within the list of references of the main report 
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for environmental sustainability: regeneration (renewable resources shall be used efficiently and their use shall 

not be permitted to exceed their long-term rates of natural regeneration), substitutability (non-renewable 

resources shall be used efficiently and their use limited to levels which can be offset by substitution with 

renewable resources or other forms of capital), assimilation (releases of hazardous or polluting substances 

into the environment shall not exceed their assimilative capacity) and avoiding irreversibility. 

Moldan et al 2012 enlarged the list of the basic principles of environmental sustainability further adding: 

 long-term perspective (without any designated time limit); 

 understanding of the non-linear evolution of complex systems (tipping points, thresholds, sudden 

unpredictable changes); 

 taking feedbacks into account (in particular the positive ones); 

 regard for different scales (in time and space); 

 flexibility (the ability to react to a changing situation, learning by doing); 

 key importance of local conditions; and 

 respect for living nature in general and for biological diversity in particular. 

In order to translate sustainability principles within policy development - and concrete actions- a number of 

strategies have been developed over time. A brief overview of the main strategies is reported in next sections. 

Dematerialisation, resource efficiency, factor 4, factor 10 

In economics, dematerialization refers to the absolute or relative reduction in the quantity of materials required 

to serve economic functions in society. In common terms, dematerialization means doing more with less. 

Dematerialization is intimately related to resource efficiency, both in relative and absolute terms.  

The goal of being twice as productive with half the resources (materials and energy), leading to a factor 4 

improvement in efficiency. Alternatively, practices which are just as productive with 1/4 of the resources or 4 

times as effective with the same resources also count. The concept was introduced by von Weizsäcker et al 

1997, focusing businesses examples of achievement of resource efficiency results with existing technologies. 

Another way of phrasing the Factor 4 efficiency gain is that it reduces energy and materials usage by 75%. 

While Factor Four is a common term representing a minimum four-fold increase, Factor Ten–ten times as much 

productivity from the same inputs (ranging to the same productivity with 1/10th the resources)–represents an 

even greater challenge. Factor Ten equates to a 90% decrease in resource usage. 

Energy efficiency  

Besides material efficiency, many of the environmental impacts are clearly related to energy consumption: not 

only some obvious ones such as climate change as a result of fossil energy use but many other impacts as 

well: the cumulative energy consumption that is needed to produce, use and dispose products correlates well 

with several impacts (Huijbregts et al., 2010). Hence, if we consider a life cycle perspective, a focus on energy 

efficiency may imply a reduction in a number of different impact categories for different sectors. This 

awareness has already resulted in different policies aiming at energy efficiency. Two EU examples: the 202020 

strategy and the EU energy label for household products. However, if we focus on sectors with specific typology 

of impacts (e.g. associated to chemicals) the mere focus on energy efficiency is not enough for reducing 

relevant environmental burdens. 

Cradle to cradle 

Cradle to Cradle is a biomimetic approach to the design of products and systems. It models human industry on 

nature's processes viewing materials as nutrients circulating in healthy, safe metabolisms. It suggests that 

industry must protect and enrich ecosystems and nature's biological metabolism while also maintaining a safe, 

productive technical metabolism for the high-quality use and circulation of organic and technical nutrients. 

Eco-effectiveness and cradle-to-cradle design present an alternative design and production concept to the 

strategies of zero emission and eco-efficiency. Where eco-efficiency and zero emission seek to reduce the 
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unintended negative consequences of processes of production and consumption, eco-effectiveness is a positive 

agenda for the conception and production of goods and services that incorporate social, economic, and 

environmental benefit, enabling triple top line growth (Braungart et al 2007). The logic has been widely applied 

in business, and in specific sectors (e.g. Kumar and Putnam, 2008), and possible synergies/ conflict with LCA 

explored (Bjørn and Hauschild 2011) 

Zero waste 

Close to the concept of cradle to cradle, Zero waste is a whole-system approach that aims to eliminate rather 

than ‘manage’ waste. As well as encouraging waste diversion from landfill and incineration, it is a guiding 

design philosophy for eliminating waste at source and at all points down the supply chain. It rejects current 

one-way linear resource use and disposal culture in favour of a ‘closed-loop’ circular system modelled on 

Nature’s successful strategies (Curran and Williams, 2012).  

A working definition of zero waste, often cited by experts in the field originated from a working group of the 

Zero Waste International Alliance in 2004. The concept has been applied at different scales, in business and in 

local community, to promote reduction of waste production and reuse (e.g. the UK’s examples presented by 

Philips et al 2011).  

Following the logic of promoting industrial symbiosis and applying industrial ecology principles, a vision for a 

zero waste industrial networks in Europe has been recently presented and discussed (Curran and Williams, 

2012). The study is based on the results of ‘ZeroWIN’ (Towards Zero Waste in Industrial Networks – 

www.zerowin.eu) is a five year project running 2009–2014, funded by the EC under the 7th Framework 

Programme. 

It advocates an industrial transformation whereby businesses minimise the load they impose on the natural 

resource base and learn to do more with what the Earth produces. Targeting the whole system means striving 

for: 

 Zero waste of resources: Energy, Materials; 

 Zero emissions: Air, Soil, Water; 

 Zero waste in activities: Administration, Production; 

 Zero waste in product life: Transportation, Use, End of Life; and  

 Zero use of toxics: Processes and Products. 

Reuse 

As part of the zero waste strategy, reuse represents one of the means for preventing waste and reducing use 

of resource. According to the European Waste Framework Directive (EC, 2008, Art. 3 No. 13), re-use 

comprehends “any operation by which products or components that are not waste are used again for the same 

purpose for which they were conceived”. This definition applies equally to the consumer waste sector, and to 

industry (e.g. Schraven et al., 2011, on automotive production 

Regarding consumers, of course reuse involve both formal and informal second-hand channels, for which 

identification of patterns of consumption could be difficult (Lane et al.2009). Socio-demographic characteristics 

such as household composition, employment status, education level and country of birth, along with 

infrastructure issues, such as dwelling types and residential tenures, are significant predictors of the use of 

various second-hand channels. 

Beyond the environmental aspects (e.g. Castellani et al 2014), economic evaluation of the benefits of reuse 

has been also conducted (e.g. by Brooks et al 2013 on clothes market), as well assessing the possibility of 

setting taxation related to material efficiency and reuse (Stahel, 2013). 

Recent studies (e.g. Waight, 2013) argue for the direct reuse of products as the most sustainable form of 

consumption, over and above recycling and the use of greener technology 

 

http://www.sciencedirect.com/science/article/pii/S0959652614001711#bib15
http://www.sciencedirect.com/science/article/pii/S0959652614001711#bib51
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Ecodesign 

Once a product is put on the market, there is relatively little than can be done to improve its environmental 

characteristics (CEC, 2001b). Around 80% of the environmental impact of a product is already determined at 

the design stage (EC- DG ENTR, 2014).  

The Ecodesign approach is based on the integration of environmental issues already in the early stages of the 

product development in order to minimize environmental life cycle impacts. Ecodesign entails different 

strategies, e.g. design for environment, design for disassembly, design for recycling etc. 

In the early phases of the design of a new product, the knowledge of the product is small, but the designer’s 

freedom is large since nothing is settled yet (Luttropp and Lagerstedt, 2006). In the latter part of the process 

the knowledge of the product is large but the possibilities to change the design according to this knowledge 

are few since major decisions have been taken and only minor changes can be made.  

The Ecodesign combines various principles for green product development as: light weighting and reduced use 

of resources, minimisation of hazardous substances, use of renewable materials, durability, reparability and 

upgradability, reusability/recyclability/recoverability.  

The concept of Ecodesign already originated in the seventies in the industrial society (Papanek, 1971) and since 

the 90’s it was strictly linked to the LCA methodology (Fleischer and Schmidt, 1997). Application of Ecodesign 

principles into European product policies is also well established, especially in the environmental labelling (as 

for example the EU Ecolabel). Applications in mandatory product policies are more recent, with in the particular 

the EU Ecodesign Directive (Directive 2005/32/EC). 

Green engineering 

Green engineering focuses on how to achieve sustainability through science and technology (e.g. Anastas et al 

2010). 12 Principles of Green Engineering have been set by provide a framework for scientists and engineers 

to engage in when designing new materials, products, processes, and systems that are benign to human health 

and the environment. 

 Principle 1: Designers need to strive to ensure that all material and energy inputs and outputs are as 

inherently non-hazardous as possible. 

 Principle 2: It is better to prevent waste than to treat or clean up waste after it is formed. 

 Principle 3: Separation and purification operations should be designed to minimize energy consumption 

and materials use. 

 Principle 4: Products, processes, and systems should be designed to maximize mass, energy, space, and 

time efficiency. 

 Principle 5: Products, processes, and systems should be “output pulled” rather than “input pushed” through 

the use of energy and materials. 

 Principle 6: Embedded entropy and complexity must be viewed as an investment when making design 

choices on recycle, reuse, or beneficial disposition. 

 Principle 7: Targeted durability, not immortality, should be a design goal. 

 Principle 8: Design for unnecessary capacity or capability (e.g., “one size fits all”) solutions should be 

considered a design flaw. 

 Principle 9: Material diversity in multicomponent products should be minimized to promote disassembly 

and value retention. 

 Principle 10: Design of products, processes, and systems must include integration and interconnectivity 

with available energy and materials flows. 

 Principle 11: Products, processes, and systems should be designed for performance in a commercial 

“afterlife”. 

 Principle 12: Material and energy inputs should be renewable rather than depleting. 
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Green chemistry  

Similarly to green engineering and focusing only on chemical process and products, green chemistry principles 

have been set (e.g by Anastas and Eghbali, 2010). This are also coupled with green engineer principles 

themselves (e.g. the 24 principles of Tang et al 2008). 

 

Figure A5.2 Principles of green engineering and green chemistry (from Tang et al 2008) 

Lean thinking 

Lean thinking- as applied in lean production, lean manufacturing, lean enterprise- is a production and 

management philosophy that considers the expenditure of resources in any aspect other than the direct 

creation of value for the end customer to be wasteful, and thus a target for elimination. Working from the 

perspective of the client who consumes a product or service, "value" is any action or process that a customer 

would be willing to pay for. Lean is focused on making obvious what adds value by reducing everything else. 

Lean manufacturing derives mostly from the Toyota Production System (TPS) and identified as "lean" only in 

the 1990s. In recent years, lean thinking has been applied also in the context of new product development (e.g. 

Haque and James-Moore, 2004).The seven waste (muda in TPS wording) to be eliminated adopting lean 

thinking are essentially wastes related to inefficiency in the management but they may have repercussion on 

the sustainability of the system. The original seven muda are: 

 Transport (moving products that are not actually required to perform the processing) 

 Inventory (all components, work in process, and finished product not being processed) 

 Motion (people or equipment moving or walking more than is required to perform the processing) 

 Waiting (waiting for the next production step, interruptions of production during shift change) 

 Overproduction (production ahead of demand) 

 Overprocessing (resulting from poor tool or product design creating activity) 

 Defects (the effort involved in inspecting for and fixing defects) 

Implication for environmental performance during the manufacturing phase has been explored, leading to 

define a c-lean thinking (Castellani and Sala, 2010). Currently, there is an increasing interest in identifying 

environmental benefit due to lean manufacturing (see e.g. USEPA, 2014, which listed a number of 

environmental benefits directly related to implementation of lean manufacturing). Specific studies exist on the 

relationship between lean manufacturing practices and environmental performance as measured in terms of 

air emissions and resource use (e.g. from the survey done on 31 automobile assembly plants in North America 

and Japan by Rothenberg and Maxwell, 2001). A recent review (Hajmohammad et al, 2013) helps 

understanding the roles of lean and supply management in regards to improving firms’ environmental 

performance. The authors developed a conceptual model in which the magnitude of environmental practices 

mediates the relationship between lean and supply management with environmental performance. 

http://en.wikipedia.org/wiki/Lean_Enterprise
http://en.wikipedia.org/wiki/Value_%28economics%29
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Eco-innovation  

Eco-innovation may be considered as the ability to develop consumption and production solutions that are 

energetically efficient, and that assure an optimization of matter cycles through industrial processes with low 

energy and material losses. Hence, Eco-innovation could be intended not only as the development of “End of 

pipe” and/or “Clean technologies” but also as the production, assimilation or exploitation of a product, production 

process, service or management or business methods that is novel to the firm or user and which results, 

throughout its life cycle, in a reduction of environmental risk, pollution and other negative impacts of resources 

use (including energy use) compared to relevant alternatives (Kemp and Pontoglio, 2007).Eco-innovation 

strategies start from a reframing of the production system through its whole lifecycle, promoting life cycle 

thinking (LCT) approaches, with special reference to assess materials, energy and flows and the relative 

environmental impact related to them. Recent approaches integrate into LCT more features about sustainability 

(Westkämper et al 2001) introducing social issues and consumption patterns (Hertwich et al 2005). 

Final purpose of those approaches is the definition of instruments and strategies that enable producers to 

decoupling economic growth and resource exploitation: current European policies for the industrial sector are 

aimed to develop economic activities oriented to a low CO2 emission economy, to the sustainable use of natural 

resources, energy and raw materials, and to the substitution of hazardous compounds in the production cycle. 

Within this context, performing studies on existing supply chains helps to identify applicable solutions (from 

the choice of raw materials to the delivery services and recycle or waste processing) and to develop practical 

guidelines for transferring scientific results to companies Sala and Castellani, 2009.  

An analysis of current Eco-innovation may help defining targets that are technologically achievable in the near 

future. A source of information is also the Ecoinnovation observatory (EC-DG ENV, 2014) functioning as a 

platform for the structured collection and analysis of an extensive range of eco-innovation information, 

gathered from across the European Union.  

The feasibility of adoption of ecoinnovation is affected by several elements, some thereof has been assessed 

through an econometric model by Horbach et al 2013. 

Additionally, “time from innovation to the market and mass use” is a key element to be considered (Figure 

A5.3). Over time, there is an increasing trend of diminishing the time of market penetration of new technologies. 

In the history of technology, accelerating change (as stated also in EEA, 2011) is a perceived increase in the 

rate of technological (and sometimes social and cultural) progress throughout history, which may suggest 

faster and more profound change in the future. Specific analysis of the time of penetration of cleaner 

technology are needed. This may help considering time- related aspects in defining pathways to targets: e.g. 

time to penetration in the market of a new technology and related timeframe of a target. Additionally, this may 

suggest the need of taking rapid action in product policies as the time in which some products reach a high 

level of consumption is relatively small. 
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Figure A5.3 Time to market of innovation (from EEA, 2011) 

Finally, there is the need of boosting paradigm shifting in ecoinnovation. In fact, despite their ability to help 

designers reduce the environmental impact of products throughout their life cycle, many eco-design methods 

focus on the redesign of existing products, necessitating a more innovative design capacity. A recent study of 

Yang and Chen (2011) describes a novel model to accelerate the preliminary eco-innovation product design by 

integrating the advantages of case-based reasoning and the TRIZ method. Previous cases from a database 

support a novel design to satisfy functional performances under the case-based reasoning framework. The 

innovative principles and evolution patterns of the TRIZ method can enhance the design level of new products 

to achieve eco-innovation. Case -based reasoning is, indeed, considered a crucial elements of new product 

development for ecodesign (Germani et al 2013) 

Several projects are addressing the assessment of the benefit associated to ecoinnovation. E.g. the European 

research project EMInInn (www.emininn.eu) has the aim to generate deeper insights into the role of innovation 

in decoupling environmental impacts from economic growth, helping policy makers to both assess the benefits 

from past innovations as well as maximize benefits from present and emerging innovations. The objectives of 

the project are: i) assessing the environmental impacts of innovation to strengthen the science-policy link in 

order to enable policy makers to stimulate eco-innovation and to both assess and maximize its benefits; ii) 

developing methodologies and macro-level indicators to monitor the ex-post impacts of innovation processes, 

including diffusion of innovations into society, their economic impacts, and their impacts on key environmental 

categories (namely resource flows, waste and recycling, energy, emissions, and land use and biodiversity); iii) 

contribution to the identification of drivers and barriers relating to eco-innovation, thereby facilitating the full 

recognition of eco-innovation potential; iv) supporting the decision-making process on policy targets and 

methods for evaluating the environmental impacts of innovation and other relevant policies on the basis of 

physical indicators.  

Focussing on pressures, the project analyses macro-environmental impacts of innovations in five sectors: 

Energy, Transport, Construction, Information and Communication Technology (ICT) and Waste. 

Logistic efficiency 

Companies seeking to develop supply chain solutions that are eco-efficient are often hampered by their ability 

to control the wider supply chain and they may need to draw on external support from logistics service providers 

(LSPs). Throughout a literature review, Rossi et al 2013 explore the innovative strategies undertaken by LSPs 

in the eco-efficiency arena and the logistics and learning capabilities needed to achieve eco-efficiency in supply 

chains 

http://www.emininn.eu/


 

76 

 

The sustainable supply chain management (SSCM) has evolved from a perspective and investigation of 

standalone research in social and environmental areas; through a corporate social responsibility perspective; 

to the beginnings of the convergence of perspectives of sustainability as the triple bottom line and the 

emergence of SSCM as a theoretical framework. While the SSCM research has become more theoretically rich 

and methodologically rigorous, there are numerous opportunities for further advancing theory, methodology, 

and the managerial relevance of future inquiries as pointed out in a recent review by Carter and Easton (2011) 

Short supply chain 

Literature is still limited concerning the assessment of the relationship between green supply chain 

management, competitiveness and economic performance (Rao and Holt, 2005). Given possible contribution to 

reducing overall impacts associated to transport, the analysis should consider environmental as well as 

strategic and economic perspectives and evaluate limits and opportunities of this supply chain compared to 

traditional market and logistic models. An analysis of relative benefits of short supply chain has been 

performed by (Mirabella et al 2014b) 

Reverse logistic 

In the context of logistic efficiency, a specific attention is due to reverse logistic, a key competence in modern 

supply chains (De Brito and Dekker, 2004). Reverse logistic is a research area focused on the management of 

the recovery of products once they are no longer desired (end-of-use products, EoU) or can no longer be used 

(end-of-life products) by the consumers, in order to obtain an economic value from the recovered products.  

Products are obviously mainly streaming in the direction of the end customer but an increasing flow of products 

is coming back, e.g. for cars, electronic goods, pharmaceuticals, beverages, and so on. Reverse Logistics has 

been stretching out worldwide, involving all the layers of supply chains in various industry sectors. While some 

actors in the chain have been forced to take products back, others have proactively done so, attracted by the 

value in used products. 

According to Rubio and Jiménez-Parra (2014), beyond environmental aspects, there are economic, legal and 

social reason for improving reverse logistic. Economic: direct reasons (decreasing the use of raw materials, 

reduction of disposal costs, creation of added value for end-of-use products) and indirect reasons 

(demonstration of environmentally responsible behaviour, improved customer relations); Legal: in many 

countries companies are held accountable for the recovery or correct disposal of waste generated by products 

they produce or distribute; Social: the increased social awareness of the need to protect the environment has 

led to increasing demands for environmentally responsible behaviour by companies, particularly in terms of 

carbon emissions and waste generation.  
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Annex 6 List of possible policy scenarios38 

A number of possible policy scenarios could be depicted in order to identify policy options and associated 

targets. We report here a list of possible scenarios, based on a study by Ivanova et al 2014:  

I. ‘Best practice uptake of technical improvements’. This scenario includes the implementation of the policy package 

consisting of mandatory product and process standards that make sure that each of the EU countries reaches the current 

highest cross-European level of uptake for each of the technical options. 

II. ‘Policy package with voluntary implementation of instruments’. Policy packages under this scenario consists of a 

combination of regulatory, economic and informative policy measures that are implemented on a voluntary basis. This 

scenario leads to uptake rates higher as the current EU27 average, moving into the direction of the Mandatory scenario. 

III. ‘Policy package with mandatory implementation of instruments’. Policy packages under this scenario consists of a 

combination of regulatory, economic and informative policy measures that are implemented on a mandatory basis, leading 

to a maximum technically feasible uptake rate. 

IV. ‘Environmental tax reform a: matching the mandatory scenario'. This is a policy package that combines all elements of 

the ‘Voluntary scenario with budget-neutral (not material-neutral) shift of taxes from labour to materials through 

implementation of an ad-valorem tax in such a way as to reach the effects of the mandatory policy measures. The aim 

was to look for a tax level that would match the material use reduction in the mandatory scenario. The resulting tax rate 

is 20%. 

V. ‘Environmental tax reform b: flat-rate resource tax of 35%’. This final scenario was introduced based on the experience 

of initial trial model runs, which showed that scenario 1-3 led to significant rebound effects. Since shifting taxes from 

labour to resource is relatively easy to do in a dynamic model, we added one additional scenario where we simply used a 

flat-rate tax on primary resource extraction and –imports.  

Also the concept of innovation-friendly policy based on consultation and targets should be further explored, 

namely policies increasingly based on dialogue and consensus; calculable, reliable and having continuity, open 

and flexible with regard to individual cases; management and knowledge oriented. Environmental regulation 

should not only aim for short-term direct environmental gains but also seek long-term gains, something that 

requires cooperation with problem holders (Kemp and Andersen 2004). 

This should, as much as possible, include a more detailed account of the characteristics specific to each type 

of eco-innovation, namely, End-of-Pipeline pollution Control Technologies, Integrated Cleaner Production 

Technologies and Environmental R&D (Demirel and Kesidou, 2011) 

 

 

 

 

 

 

                                                        

38 References of this Annex are within the list of references of the main report 


