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The purpose of the study is to give a broad overview of environmental impacts related to the life cycle 
of product or service categories and to identify clear patterns.  

There are still a lot of uncertainties regarding the quantification of external cost and their level of 
internalisation, due to the current state of the art of LCAs carried out at a macro-economic level as 
well as of monetarisation and environmental taxes applied to LCAs. It is important to view this study in 
its function to give a broad overview. Necessarily, this limits the amount of detailed analysis that could 
be applied on individual data. Therefore, most of the detailed figures presented in this report should 
not be seen as definitive. 

However, several trends and more qualitative results are quite robust. In the conclusions drawn, we 
pointed out these quite robust results. Other results may need substantial rework before they can be 
used as a background for policy decisions. Nevertheless, they are interesting as an attempt to test the 
original methodology developed in this study. 

 

 

We are grateful to the many experts who provided us with their help and comments at different key 
steps of the report’s preparation. 
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1. CONTEXT AND OBJECTIVES OF THE STUDY 

� In the past decade, environmental policymakers around the world have increasingly been looking 
at ways to improve the environmental performance of products across their life cycle. In February 
2001, the European Commission launched a debate on these issues by means of the Green Paper on 
Integrated Product Policy IPP. 

� In that context, the European Commission, DG Environment, has commissioned the present study 
on external environmental effects related to the life cycle of products and services. 

The purpose of the study is to give a good overview of the environmental impacts (both physical 
impacts and monetary quantification as far as possible) related to the various product groups which 
together make our economy and to identify clear patterns. The study also gives an overview of the 
distribution of these impacts across the various stages of the life cycle of these product groups and 
includes case studies on specific products and/or product-service systems. 

This analysis includes two parts: 

� analysis of the entire economy split into categories of products and services: this analysis included 
the monetarisation of the environmental impacts. This should allow identifying the importance of 
product categories with respect to the overall environmental impact of our economy. It should also 
give a basis to prioritise policy measures with a view to achieving a maximum environmental 
improvement.  

� analysis of 18 case studies focusing on specific products or services with, for each of them, the 
comparison between alternative options fulfilling the same functions. The higher the differences 
between options, the more likely policy measures can lead to a significant environmental 
improvement.  

The results are structured in a way to provide support for decision making in the prioritisation in the 
field of IPP. 

Caveats: This study has to be seen as a pioneer work in the field of IPP, combining for the first 
time several dimensions –environmental impacts, external cost, life cycles, entire economy. 
Time and resource limitations only allowed an overview based on available knowledge. This 
study is based on a considerable amount of data which have been manipulated and aggregated 
(LCA data, external cost factors, environmental taxes…). Not all data and hypotheses could be 
verified and there are still many uncertainties. The results of this work offer a framework for 
prioritisation of potential policy measures. Before planning concrete measures it may however 
be useful and necessary to refine and review data and hypotheses. The study also gives a new 
methodological framework suitable for future in-depth works.  
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2. A SPECIFIC METHODOLOGY DEVELOPED 

� The specificity of the methodology developed in this study is that it aims at integrating, for the first 
time and based on the current state of the scientific knowledge, four dimensions of IPP: 

� all the major potential environmental impacts associated to products and services. 
In this study, an attempt is made to derive a simplified Life Cycle Assessment addressing product systems on 
a macro-economic level (i.e. integrating consumption patterns in the European Union), which can be called 
“market-oriented LCA”.  

The LCAs performed follow to a very large extent the ISO 14040 standards and are based on various existing 
life cycle inventory (LCI) database. 

The functional unit considered is the quantity of products / services consumed to fulfil the demand of 
European consumers per year  (time reference: 1999). 

� the external costs of these environmental impacts. 
Externalities are the costs imposed on society and the environment that are not accounted for by the 
producers and consumers, i.e. that are not included in market prices. They include damage to the natural and 
built environment, such as effects of air pollution on health, buildings, crops, forests and global warming; 
occupational disease and accidents; and reduced amenity from visual intrusion of plant or emissions of noise. 

In this study, environmental impacts assessed from LC Inventory inputs and outputs were monetarised. No 
ready-for-use database about external cost factors exist today in such a macro-economic and LCA-context. 
External cost factors used in this study were predominantly derived from existing cost factors resulting from 
“impact pathway” approaches. 

� the different stages constituting the life cycle of products and services. 
The use of a life cycle-oriented approach in the framework of the IPP is justified by the fact that product and 
service categories present contrasted life cycle patterns.  

� the main product and service categories constituting the entire European economy. 
34 categories of final products and services were selected in order to cover most of the entire economy 
with a view to presenting homogenous product groups for the purpose of policy making and to minimising 
double counting. They were classified according to a new classification of products and services defined for 
the purpose of the study, constituted of 13 families (“food and beverage”, “clothing and footwear”, “housing”, 
“transport”, “communication, recreation and culture”…). 

� An attempt was made to compare the degree of environmental externalities with the level of 
already existing environmental taxes: 

� Environmental taxes were quantified, being considered as an attempt to internalise external 
effects, ideally aiming at prices to reflect the environmental impacts of products. 
To calculate the overall environmental taxes for the whole life cycle of a given product or service, we multiplied 
each environmental tax applying to a given LC inventory flow (inputs or outputs) with the flow quantified in the 
LCI. Because environmental taxes vary according to the country, three countries were considered and, for 
each of them, a catalogue of taxes in a format compatible with LCI was established.  

Existing exemptions and variety of rates were taken into account through a range of minimum and maximum 
rates. This range was applied to all the categories, without further distinction made. This constitutes a rough 
approximation. 

� The price considered is the life cycle price. 
It does not take into account only the selling price of the product or service paid by the consumer to the 
producer or retailer but also includes all the expenditures that the consumer will have to pay when using the 
product and then disposing of it at the end of its life. For each category, the life cycle prices were 
approximated with the average European households expenditures. 

Life cycle price = Selling price + Use & End-of-life expenditures 
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Step 1 – Life Cycle Inventory (LCI)

1.1 Functional unit definition
Reference quantities selection

Market-oriented
Quantity to fulfill 
the EU consumers demand 
per year

EU
consumption 
databases

1.2 System boundaries setting-up

Market-oriented
Each category system 
composed of product / 
service sub-systemsLCI 

databases
1.3 LCI calculation

LC impact assessmentImpact 
factors

Step 3 – LC Environmental Impact Monetarisation

LC external costs calculationExternal cost 
factors

Step 4 – Internalisation of LC External Costs

4.1 LC environmental taxes evaluationEnvironmental 
taxes

4.2 Other key indicators calculationLife cycle 
prices

Outputs for Each Product or Service Category

Step 2 – LC Environmental Impact Assessment

Life cycle inventory (LCI) Total Sub-system 1 …
Prod. Use End life Prod. Use End life Prod. Use End life

Raw materials
(r) Barium Sulphate kg
(r) Bauxite kg
(r) … kg

Energy consumption
E Feedstock Energy MJ
E Fuel Energy MJ
E … MJ

Air emissions
(a) Acetaldehyde g
(a) Acetic Acid g
(a) … g

Water emissions
(w) Acids g
(w) Alcohol g
(w) … g

Waste kg
… …

Impact assessment Total Sub-system 1 …
Prod. Use End life Prod. Use End life Prod. Use End life

Depletion of NRR kg antimony eq.
Global warming g CO2 eq.
Air acidification g SO2 eq.
Eutrophication g PO4 eq.
Human toxicity g eq. 1-4-dichlorobenzene
… …

External costs Total Sub-system 1 …
Prod. Use End life Prod. Use End life Prod. Use End life

Global warming Euros
Air acidification Euros
Human toxicity Euros
… Euros
Total ext cost Euros

Environmental Taxes Total Sub-system 1 …
Prod. Use End life Prod. Use End life Prod. Use End life

Total environmental taxes Euros

Total Sub-system 1 …
Other key indicators Prod. Use End life Prod. Use End life Prod. Use End life
A - Envtal taxes / External Cost %
D - Current Internalisation Level high/low
B - Ext Cost Not Internalised/ LC Price %
E - Ext Cost Not Internalised/ LC Price high/low
C - External Cost / LC price %
F - External Cost / LC price high/low

Step 1 – Life Cycle Inventory (LCI)
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LC external costs calculationExternal cost 
factors

Step 4 – Internalisation of LC External Costs

4.1 LC environmental taxes evaluationEnvironmental 
taxes

4.2 Other key indicators calculationLife cycle 
prices

Outputs for Each Product or Service Category

Step 2 – LC Environmental Impact Assessment

Life cycle inventory (LCI) Total Sub-system 1 …
Prod. Use End life Prod. Use End life Prod. Use End life

Raw materials
(r) Barium Sulphate kg
(r) Bauxite kg
(r) … kg

Energy consumption
E Feedstock Energy MJ
E Fuel Energy MJ
E … MJ

Air emissions
(a) Acetaldehyde g
(a) Acetic Acid g
(a) … g

Water emissions
(w) Acids g
(w) Alcohol g
(w) … g

Waste kg
… …

Impact assessment Total Sub-system 1 …
Prod. Use End life Prod. Use End life Prod. Use End life

Depletion of NRR kg antimony eq.
Global warming g CO2 eq.
Air acidification g SO2 eq.
Eutrophication g PO4 eq.
Human toxicity g eq. 1-4-dichlorobenzene
… …

External costs Total Sub-system 1 …
Prod. Use End life Prod. Use End life Prod. Use End life

Global warming Euros
Air acidification Euros
Human toxicity Euros
… Euros
Total ext cost Euros

Environmental Taxes Total Sub-system 1 …
Prod. Use End life Prod. Use End life Prod. Use End life

Total environmental taxes Euros

Total Sub-system 1 …
Other key indicators Prod. Use End life Prod. Use End life Prod. Use End life
A - Envtal taxes / External Cost %
D - Current Internalisation Level high/low
B - Ext Cost Not Internalised/ LC Price %
E - Ext Cost Not Internalised/ LC Price high/low
C - External Cost / LC price %
F - External Cost / LC price high/low
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3. ATTEMPT FOR KEY IPP INDICATORS 

Four families of IPP indicators were developed and tested in the study to help: 

� summarising the huge number of figures gathered in such a work, 

� key actors in their decision-making process. 

� Indicators to characterise the representativeness of the results 

� “Economic representativeness indicator”: this indicator aims at assessing the representiveness of 
the studied categories compared to the whole economy that is supposed to be covered.  

Overall, between 60% and 75% of all expenditures made by individuals are represented by the 
various categories included in the analysis).  

� “Environmental representativeness”: the objective is to assess the representativeness of the 
environmental impacts quantified in this study with a bottom-up approach compared to the total 
impacts generated at the European level assessed through top-down approaches. 

This also gave a high degree of representativeness. For example, the global warming impacts 
related to the product groups covered by the study and calculated by adding the contribution of all 
categories considered represents between 80 to 95% of the overall global warming effects 
assessed by the Environmental European Agency. 

� Environmental indicators 

The environmental impacts selected include those linked to resources consumption (non renewable 
resources depletion), air emissions (global warming, air acidification, photochemical oxidation…), 
water releases (eutrophication). They encompass human health and ecotoxicological aspects. 

� External cost indicator 

The total external cost, resulting from the monetarisation of the various environmental impacts 
generated by the life cycle studied, is assessed. 
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� Key indicators about external costs internalisation  

As a first attempt, six key indicators were defined to analyse the internalisation of external costs into 
prices.  

 
Intermediary Indicators  

Indicators quantified from  
data calculated in the study 

 Decision-Making Oriented Indicators  
Indicators derived from  
intermediary indicators  

and expressed with semi-quantitative scale  
to compare categories 

A-Indicator = % of environmental taxes 
compared to external cost  
By calculating the percentage that the 
environmental taxes represent compared to 
the external cost, it gives information on the 
current level of internalisation reached1: 
- A-indicator > or = 100%: this means that the 

environmental taxes are higher than the 
external cost and thus, that external cost 
can be considered being already totally 
internalised, 

- A-indicator < 100%: this means that only a 
part of the external cost can be considered 
being already internalised. 

 D-Indicator = current level of internalisation 
reached 
D-Indicator is directly dependent on 
A-indicator value: 
- D-Indicator = relatively high if A-Indicator > or 

= 100%, 
- D-Indicator = relatively medium for 

intermediary values of A-indicator, 
- D-Indicator = relatively low if A-Indicator << 

100%. 

B-Indicator = % of external cost not yet 
internalised compared to life cycle price 
The external cost not yet internalised is taken 
equal to: 
- 0 if 100% of external cost is already 

internalised (i.e. if A-indicator > or = 100%). 
- External cost minus environmental taxes if 

less than 100% of external cost is already 
internalised (i.e. if A-indicator < 100%; in 
that case, environmental taxes are lower 
than external cost). 

 E-Indicator = importance of externalities not 
yet internalised compared to the overall life 
cycle price 
E-Indicator is directly dependent on 
B-indicator value: 
- E-indicator = relatively high for the highest 

values of B-indicator, 
- E-indicator = relatively medium for 

intermediary values of B-indicator, 
- E-indicator = relatively low for the lowest 

values of B-indicator. 
C-Indicator = % of external cost compared 
to life cycle price 
The comparison of the orders of magnitude of 
both external cost and life cycle allows to 
check if the external cost is higher or lower 
than the life cycle price and if their difference is 
important or not. 
- C-Indicator > 100% means that external cost 

is higher than LC price, 
- C-Indicator < 100% means that external cost 

is lower than LC price. 

 F-Indicator = importance of externalities 
compared to the overall life cycle price 
F-Indicator is directly dependent on 
C-indicator value: 
- F-indicator = relatively high for the highest 

values of C-indicator, 
- F-indicator = relatively medium for 

intermediary values of C-indicator, 
- F-indicator = relatively low for the lowest 

values of C-indicator. 

                                                      
1  The hypothesis being indeed that the environmental taxes are the means to internalise external cost. 
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4.  MAIN LIMITS OF THE STUDY  

The methodology and the calculation tool developed in this project proved to fit well to this 
first quantification exercise and constitute a robust framework for further quantifications. 

The difficulties faced during the study were thus mostly linked to the interpretation of the 
results, because of several uncertainties characterising numerous input data.  

The limits of the study come from three main sources: 

� Environmental impacts: limits are due to several issues, including the lack of available data about 
all the categories under consideration, a heterogeneous and not always very good level of reliability 
and accuracy of the available inventory datasets, the calculation modelling used to describe the 
physical phenomena linked to the environmental impacts, the temporal / geographical / 
technological representativeness of the data.   

Furthermore, as in LCA studies in general, uncertainties about toxicity and ecotoxicity are likely to 
be high. 

� External cost: apart from the uncertainties which are directly linked to the monetarisation methods 
themselves (and which are not discussed in this project), some limits occur when combining results 
from monetarisation and LCA, in particular potential global impacts (LCA) with actual location and 
source-specific external cost factors (monetarisation).  

Besides, ranges were used for external costs to reflect the diversity of values existing in literature 
for the environmental impacts moneratised. But actual external costs are likely to be higher 
than those assessed in this study because first cost factors do not exist today for all the 
environmental impacts quantified in LCAs (they concern more air emissions than eutrophication or 
depletion of resources for instance) and secondly several environmental impacts are not quantified 
in LCA and then not monetarised (noise, odor, nature conservation, land disturbance, disamenity2, 
risk of accidents…). As a consequence, the max values presented do not correspond to actual 
maximums. 

� Environmental taxes: actual environmental taxes are likely to be closer to the lowest values of 
the ranges assessed rather than the highest values.   

This directly results from the way the ranges were built, in a context where available tax data were 
not in a format compatible with LCA: a tax factor was determined for each main input and output 
quantified in LC inventory and then applied to all the categories. Existing exemptions and variety of 
rates were taken into account through a range: the min corresponds to the minimum rates and the 
max corresponds to the maximum rates (without taking into account specific exemptions and 
subsidies applying to some categories and flows3). 

As a consequence, the max value of the environmental tax range corresponds to a true 
maximum value (as if all the maximum rates would apply to all categories and flows) but is 
not reachable (because of exemptions and subsidies). 

                                                      
2  Local nuisance impacts including odour, noise, dust, litter…. 
3  This work would require an important and dedicated research program. 
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5. KEY RESULTS OF THE ANALYSIS OF THE ENTIRE ECONOMY THROUGH CATEGORIES 
� Preliminary comment 

One should keep in mind that the results presented below concerning the relative contribution of the 
various categories are dependent on the classification selected at the beginning of the study. The 
major point to be mentioned is probably the fact that environmental impacts (and associated external 
costs) linked to the distribution of products are not systematically accounted for in the product 
categories concerned. Instead, a specific category, “Transport”, was considered separately. As 
indicated below, “Transport” is one of the two major contributors at the European level. If this category 
would have been split between all the other categories, the contribution of these would have been 
higher. It is not easy at that stage to predict how the relative contribution of each category would be 
modified.  

A more comprehensive analysis based on industrial or activity sectors (chemical industry, packaging 
industry, leather industry, transport…) would be likely to bring interesting results, given a large 
proportion of these sectors are common to numerous products or services categories and when 
focusing primarily on products or services groups as in this study, the impacts of these industrial or 
activity sectors are split (and diluted) between categories. But such a comprehensive analysis would 
face a lack of available LCA data. 

 

� Environmental Impacts Generated in the EU 

Most of the environmental impacts linked to resources consumption and air emissions are generated 
by two main categories, for which the use stage is predominant: 

� transport (goods transport and private transport of passengers by car),  

� building occupancy (mainly due to the energy used to heat domestic and commercial buildings). 

 “Food products” production generates most of the water emissions contributing to eutrophication 
(mainly from “vegetables” due to the use of fertilisers) and photochemical oxidation (mainly from “food 
from animals”4 due to enteric fermentation and manure management).  

As for toxicity and ecotoxicity risks as well as solid waste, LCA data being of relatively poor quality and 
heterogeneous according to products, results are less robust. However, one can mention that the 
main categories contributing toxicity and ecotoxicity risks are different according to the type of toxicity 
considered and, from data available, appear to be the following for human toxicity risk: 

� “Water supply” explains toxicity risks on human health (mainly due to the AOX content of sewage 
sludge (end of life step) associated with “waste water treatment”), 

� As for the “years of life lost” indicator, the main burden comes from “transport” and “building 
occupancy” (due to several air emissions: dusts, NOx, SOx, VOC). 

                                                      
4  Meat and dairy products. 
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CCoonnttrriibbuuttiioonn  ooff  tthhee  DDiiffffeerreenntt  CCaatteeggoorriieess  ttoo  EEnnvviirroonnmmeennttaall  IImmppaaccttss  aatt  tthhee  EEUU  LLeevveell  

 Total EU impacts (all the categories together) = 100% 
 10-20% 20-40% 60-80% 40-60% 
A/ Environmental Impacts    
Depletion of non 
renewable resources 

    

Greenhouse effect      
Air acidification 

 
EEE 

 
Building occupancy
Transport 

    
Ozone Depletion    Building occupancy    Transport 
Photochemical 
oxidation 

Building 
occupancy  

Transports 
Food products 

    

Eutrophication Water supply   Food products   
Human Toxicity Packaging   Water supply   
Years of Life Lost EEE Building occupancy   Transport 
B/ Other Environmental Indicators   
Primary energy   Transport 

Building occupancy  
    

Dusts EEE 
Transport 

Building occupancy     

Metals into air     
Metals into water   

 
EEE   

Building 
occupancy 

Metals into soil   Transports 
Water supply 

  MSW management

 

�  

 

 

 

 

 

 

 

 

 

 

 

 

NB: more graphics are presented in the report 
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� External Cost of the Environmental Impacts Generated in the EU 

Considering the current state of the art of environmental impacts monetarisation applied to LCA, the 
range in which the external cost varies is large: the minimum is likely to be near 220 and the maximum 
is higher than 960 Euros / capita per yr (higher because several environmental impacts are not 
monetarised).  

More than 50% can be allocated to greenhouse effect and another significant proportion to human 
health effects caused by dusts. The use stage of the products / services consumed in the EU is likely 
to be at the origin of more than 60% of the overall external cost: transport (goods transport and 
personal cars) and building occupancy (mainly space heating of domestic and commercial building) 
are the main contributing categories.  

CCoonnttrriibbuuttiioonn  ooff  tthhee  DDiiffffeerreenntt  CCaatteeggoorriieess  ttoo  tthhee  OOvveerraallll  EExxtteerrnnaall  CCoosstt  aatt  tthhee  EEUU  LLeevveell  
((iinn  %%  ooff  tthhee  ttoottaall  ggeenneerraatteedd  bbyy  aallll  tthhee  ccaatteeggoorriieess  ssttuuddiieedd))  
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� Internalisation of Environmental External Costs  

In order to assess the level of internalisation, two types of data are useful: 
� life cycle price: the overall life cycle price (all categories altogether) assessed in this study amounts 

approximately to 5 920 Euros / capita / year. 
� environmental taxes: the total amount of environmental taxes linked to the product categories 

considered is assessed to be somewhere in a large range, between about 1 550 and 4 800 Euros / 
capita / year5, very probably closer to the low value of the range (because of exemptions and 
subsidies, in particular concerning energy). The highest environmental tax revenue is that from 
energy related taxes and the second highest is linked to water effluents related taxes.  
When compared to the life cycle price, environmental taxes represent a significant proportion, 
which is somewhere between 25% and 80% of the life cycle price6 (probably closer to the low value 
of the range than to the high value). 
Remark: much of the revenue of so-called “environmental taxes” is not used for environmental 
purposes. This should be seen as a limitation to classify the taxes as environmental. 

The precise quantification of the six indicators about internalisation was not very conclusive at that 
stage.  

Overall, the level of “environmental taxes” often exceed calculated environmental externalities. This 
statement should however be taken with much care as “environmental taxes” are often not used for 
environmental purposes. Furthermore, the identified levels of taxes tend to be maximum levels, as 
exemptions and subsidies are not fully taken into account whereas the calculated levels of 
environmental externalities tend to be minimum values due to the omission of factors for which there 
are insufficient data to allow monetarisation.  

However, it was possible to draw preliminary conclusions about the relative positioning of the 
categories, according to some of these indicators.  

The study identified categories for which the level of externalities relative to environmental taxes 
seemed to be the lowest compared to other categories. 

((DD--iinnddiiccaattoorr))  CCuurrrreenntt  LLeevveell  ooff  IInntteerrnnaalliissaattiioonn  ooff  tthhee  EExxtteerrnnaall  CCoosstt    
PPoossssiibbllee  RReellaattiivvee  PPoossiittiioonn  ooff  tthhee  CCaatteeggoorriieess  

 - + 
Vegetables  
MSW management 
 
 

Goods transport  
Personal cars  
Passengers public transport 
Civil work 
Building occupancy – Domestic sector 
Building occupancy – Commercial sector 
Cleaning agents – Textile detergent  
Cleaning agents – Personal care  
EEE – IT 
EEE – Domestic appliances 
Food from animals 
Baby products 

Water supply 
Building structure 
Furniture 
Textiles  
Beverage 
Gardening 
Packaging  
Paper products 
Footwear 
 

                                                      
5  At least in Denmark and France, which are representative of European countries with a quite developed 

environmental taxation system. 
6  It is assessed to represent “only” between 5 and 40% in Poland. 
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The study also identified categories for which the share of environmental externalities compared to 
overall life cycle price seemed to be the lowest compared to other categories. 

  ((FF--IInnddiiccaattoorr))  IImmppoorrttaannccee  ooff  EEnnvviirroonnmmeennttaall  EExxtteerrnnaalliittiieess  CCoommppaarreedd  ttoo  LLiiffee  CCyyccllee  PPrriiccee  

- + 
At least 1% At least 5% At least 5 to 15% At least 5 to 25% Not Been Assessed7 

 
Beverage  
Paper products  
Footwear  
Building structure 

Furniture  
Cleaning agents  
Vegetables  
Food from animals 

Personal cars  
EEE – IT  
Textiles   
 

EEE – Domestic 
appliances   
Building occupancy 
– Domestic sector  
Water supply  
Passengers public 
transport 
 

Goods transport 
Baby products 
Gardening 
MSW management 
Civil work 
Packaging  
Building occupancy – 
Commercial sector 

 

 

These conclusions should be considered as a first attempt to compare categories rather than as 
definitive prioritisation. 

 

 

 

 

                                                      
7  No data available to approximate the life cycle price. 
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6. KEY RESULTS OF THE CASE STUDIES 

� Significant differences between options exist at a micro-economic level (higher than 20% and 
up to more than a 100 factor for the case studies performed), if not for all of the main environmental 
impacts considered (renewable resources, global warming, air acidification, photochemical oxidation, 
human toxicity), at least for some of them. 

RReeppaarrttiittiioonn  ooff  tthhee  CCaassee  SSttuuddiieess  aaccccoorrddiinngg  ttoo  tthhee  LLeevveell  ooff  tthhee  DDiiffffeerreenncceess  bbeettwweeeenn  OOppttiioonnss  

Factor between  
the option having the lowest environmental impact and  

the option having the highest environmental impact8 

1.2 to 29 2.1 to 10 11 to 100 101 to 1000 

  - Improvement potential + 

 

 

 

Case Studies 

� Personal 
computers* 

� Screen computers 

� Lamps* 

� Floor coverings* 

� Liquid packaging 
systems 

� Car pooling 

� Tablecloths 

� Flushing systems 

� Fuels for vehicles 

� Road paint* 

� Insulation 

� Goods transport 

� Passengers 
transport 

� Agriculture 

� Plates 

� Space heating 

� Meeting 

� The choice between various options corresponding to a given function can make a 
significant difference at the European level (i.e. can provide significant environmental benefits in 
the order of magnitude of several percentage points) for mainly two categories: 

� goods and passengers transport (in particular transportation means and type of fuels), 

� building occupancy (in particular type of energy consumed and energy efficiency). 

� For the other categories, options exist which provide significant environmental benefits at a 
micro-economic level, i.e. for a given functional unit.  

However, these benefits are less significant for the whole European economy as a result of the 
smaller share of these categories on the overall environmental impacts. Nevertheless, this does not 
prevent these choices between options from being important because when adding all these 
relatively minor environmental benefits, the decrease of environmental burdens becomes 
significant at the European level, with an order of magnitude which can be, for certain 
environmental impacts, comparable to those of transport and building occupancy.  

 

                                                      
8  the highest factor reached for at least one environmental impact 
9  i.e. the “worst” option has an impact 20% to 200% higher than the “best” option 
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6. FURTHER RESEARCH WORK  

Further research work will be necessary in the future: 

� a standardisation work to classify products and services consumed in the EU within a life cycle 
perspective, 

� a concerted European effort to establish a whole easily accessible LCA database of good quality, 

� the development of a database of external cost factors applicable to LCI data (inputs and outputs 
occurring all along the life cycle of products and services), 

� the elaboration of a catalogue of environmental taxes in a format compatible with LCA and the 
design of a method to better take into account, at a macro-economic level, specific exemptions and 
subsidies applying to only some categories and flows, 

� an in-depth work to define more precisely relevant IPP indicators in order to satisfy decision-
makers expectations and in the same time take into account the uncertainties which are still 
important for several basis data, 

� further thought given to the prospective dimension which is necessary to be included when 
elaborating a policy (in particular IPP). 
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11  PPAARRTT  11  --  MMEETTHHOODDOOLLOOGGIICCAALL  FFRRAAMMEEWWOORRKK    

11..11  OOBBJJEECCTTIIVVEESS  AANNDD  CCOONNTTEENNTT  OOFF  TTHHEE  SSTTUUDDYY    

11..11..11  BBaacckkggrroouunndd  ooff  tthhee  SSttuuddyy  

In the past decade, environmental policymakers around the world have increasingly been looking at 
ways to improve the environmental performance of products across their life cycle. In February 2001, 
the European Commission published its thinking on these issues by means of the Green Paper on 
Integrated Product Policy10, which states that: 

“The environmental performance of products can best be optimised by the market once all prices 
reflect the true environmental costs of products throughout their life cycle. However, this is not always 
the case and there are market failures (“external costs”). In order to provide an evaluation of these 
external costs, it is essential that objective criteria are established to assess the environmental 
performance of products.  

On the basis of these criteria, the Commission intends to investigate the main price elements which 
are not in conformity with the polluter pays principle and which prevent that environmental efforts 
made by companies are properly rewarded in product prices. The associated external cost shall be 
quantified as far as possible. These investigations should assist in identifying the main stages of the 
life cycle of products, including transport, where external costs occur and in conceiving measures to 
better take into account these external costs in the price of new products and/or elements related to 
their use”. 

In that context, the European Commission, DG Environment, has commissioned the present study on 
external environmental effects related to the life cycle of products and services.  

11..11..22  OObbjjeeccttiivveess  ooff  tthhee  ssttuuddyy  

The purpose of the study is to give a good overview of the environmental impacts (both physical 
impacts and monetary quantification as far as possible) related to the various product groups which 
together make our economy. 

The study also gives an overview of the distribution of these impacts across the various stages of the 
life cycle of these product groups and includes case studies on specific products and/or product-
service systems. 

The results are intended to provide comparisons of the various product groups on the basis of the 
following ratio: external effects / market prices (do market prices reflect the true environmental costs of 
products throughout their life cycle ?).  

The results are reported in the most informative way as possible in order to provide support for 
decision making in the prioritisation of targets in the field of IPP.  

                                                      
10  COM(2001) 68 final, 07.02.2001 
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11..11..33  CCoonntteenntt  ooff  tthhee  SSttuuddyy  

The project was performed according to three phases:  

� Phase one (life cycle assessment : LCA): to give a thorough overview of the different 
environmental impacts related to the life cycle of the various categories of products and services 
consumed in the European Union and candidate countries; then to show the distribution of impacts 
across the life cycle stages of main product and service categories. 

� Phase two (monetary evaluation): to evaluate (as far as possible) these environmental impacts in 
monetary terms, and estimate to what degree these impacts are covered by current prices and 
which share would be external effects.  

� Phase three (case studies): to show the difference in environmental impacts and externalities 
related to the life cycle of various options to satisfy the same consumer demand (case studies). 

A workshop with key experts in this field was organised during the project to discuss about key 
methodological issues.  
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11..22  PPRROODDUUCCTT  OORR  SSEERRVVIICCEE  CCAATTEEGGOORRIIEESS  CCOOVVEERREEDD  BBYY  TTHHIISS  SSTTUUDDYY  

11..22..11  CCllaassssiiffiiccaattiioonn  EEllaabboorraatteedd  

� According to the terms of reference, 20 to 30 categories of final products and services had to be 
selected in order to cover the entire economy, be broadly representative and allow most products and 
services to be allocated to an individual category with representative environmental impacts. 

Remark: the term ‘final products’ designates products which need no additional transformation prior to 
their use. 

In the domain of environmental policy, there is no standard approach to classify products and services 
consumed in the EU within a life cycle perspective (life cycle assessment is a tool which has been 
generally applied at a microeconomic level).  

Our starting point was to investigate the existing official classifications (see Appendix  1). But they 
present several drawbacks regarding the purpose of the study that did not allow us to use them 
directly, even the statistical classification of products by activity (CPA).  

SSoommee  EExxiissttiinngg  CCllaassssiiffiiccaattiioonnss    

Classification Main characteristics Drawbacks in the scope of this study 
NACE Rev. 1 

(Nomenclature 
générale des Activités 

économiques dans 
les Communautés 

Européennes) 

Set up in 1970 in order to harmonise the 
national economic activities classification. 

Basis for statistics on production, 
production factors…. 

Revised version compulsory since 1993. 
Organised on four levels: section (A to Q), 
division (01 to 99), group (additional digit) 
and class (additional digit). 

Activity oriented, not product oriented 

CPA  
(Classification of 

Products by Activity) 

Covers products generated by each 
activity, based on the NACE Rev.1 
classification. The code is made of 6 
digits, the first four being from the NACE 
classification and the last two being used 
for products. 

PRODCOM  Details the C, D, and E sections of NACE 
Rev.1 by splitting them in products. 
Used to present production data by 
activity. 

Not life cycle oriented: products are classified 
according to their industrial origin.  
1st consequence: intermediary products are 
classified, which can then have different life 
cycles according to their use. 
2nd consequence: for a given final product (e.g. 
electrical equipment), its life cycle may cover 
different CPA categories (the production of the 
equipment itself, the production of the energy 
consumed during its use, the maintenance 
service during its use…) 

� A new classification of products and services had then to be established. Priority were put on five 
criteria: 

� exhaustiveness: according to the terms of reference, the categories had to cover the entire 
European economy, 

� representativeness: according to the terms of reference, the categories had also to allow most 
products and services to be allocated to an individual category with representative environmental 
impacts, 

� relevance with the LCA approach: the chosen categories had to allow to take into account the 
different stages of the life cycle, including the use and the end of life steps, 
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� limitation of double-counting (for instance for intermediate products, to consider them separately as 
product categories and to include them in the life cycle of final products where they are consumed 
could generate double-counting), 

� relevance with the IPP, in particular coherence with existing European classifications: the aim was 
to facilitate in the future the implementation of policies focusing on categories recognised by 
Member states11. 

Two complementary classifications were eventually elaborated. 

 

TTwwoo  CCoommpplleemmeennttaarryy  CCllaassssiiffiiccaattiioonnss    

 Purpose Principles and characteristics 
 

“Final Products” 
Classification 

 
To cover the entire European 
economy, taking into account the 
LCA approach constraint and 
limiting double counting 

27 categories of final products or services split 
into 7 families  

7 families corresponding to 7 major consumption 
expenditures in the European economy: 
� Food and beverages 
� Clothing and footwear 
� Housing 
� Healthcare and body care 
� Transport 
� Communication, recreation and culture 
� Other products and services 
In each family, 2 to 7 categories which are more life-
cycle oriented (e.g. 3 categories in “Food & 
Beverage” family: “Vegetables”, “Food from animals”12, 
“Alcoholic beverages”): they gather products or 
services with significant similarities either at their 
production stage (similar components) or at their use 
step 

 
 “Transversal 

products” 
Classification 

To focus on activity sectors or 
intermediate products / services 
common to most of the final 
products / services and for which 
environmental legislation already 
exists 

14 categories split into 6 families (out of the 14 
categories, 7 are new compared to the “Final products” 
classification) 
� Electric and electronic products and equipment 
� Construction work 
� Building occupancy 
� Packaging 
� Textile 
� Transport 
Each family is split into categories corresponding to the 
main sectors or intermediate products / services where 
final products / services are used. E.g. packaging into 
food and non food, EEE into domestic appliances and 
information technology equipment….  

 

                                                      
11  Being able to refer to existing European classifications also allowed us to gather macroeconomic data (such 

as consumption at the European level) used in the impact assessment phase (see $ 1.3.2.2). 
12  Meat and dairy products. 
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Remark: the “Transversal products” classification aggregates two types of data: 

� products or activities not covered by the “Final products” classification13, 

� some data which are parts of some categories from the “Final products” classification14. 

For that reason, the two classifications are complementary, without generating significant double-
counting (the double-counting are estimated to be less than 10% for the main environmental impacts - 
see section  2.1.1.3 for details). 

� Remark about consumption by enterprises 

Any consumption by enterprises is regarded as intermediate consumption – intermediate in the sense 
that it is an input into the production of goods and services. Theoretically, they are thus included in the 
Life Cycle Inventory of final products. 

But because they are of interest for policy makers (they represent a significant part of the European 
Gross Domestic Product GDP and they can be subject to regulation), some of them are also explicitly 
covered by the study, in the two classifications (energy, transport, construction…). 

Although theoretically taken into account in the LCI of final products, it could have been of interest for 
policy makers to have results for other categories of products and services specifically consumed by 
enterprises (such as machinery, equipment and apparatus), which represent a significant part of the 
European GDP. However, no LCI data are available or easily useable concerning these types of 
products or services. For that reason, it would not have been possible to include them in the present 
study, which does not prevent from integrating them at a later stage, when data are available.  

Remark: regarding “machinery, equipment and apparatus” category, in default of having LCI data for 
that category, it is interesting to mention at that stage that the environmental impacts generated by the 
production of these equipments are usually not included in the life cycle inventory of final products. 
Sensitivity analyses made by LCA experts have shown that it is of minor impact on the overall LCA 
results of final products.  

� Thus the specificity of the classification used in this study includes the following: 

� based on final products and services (not intermediary products) in the “Final products” 
classification and focusing on major transversal activities / products / services in the 
“Transversal products” classification, 

� split into 13 families and 34 different categories covering most of the entire EU economy, 

� few double counting.  

� Available LCI data allowed us to eventually study 27 categories out of the 34 different categories 
distinguished, through 18 different fact sheets. 

 

                                                      
13  packaging, transport, at least those which are not already included in the ready-for-use LCI of the upstream 

inputs 
14  Ex: electricity consumed during the use of EEE is both: 

- in the EEE category of the “Transversal products” Classification, where their whole life cycle is taken into 
account, 
- and part of the Housing family in the “Final Products” Classification, where the electricity consumed during 
the use of domestic appliances is taken into account in the “Domestic appliances” category. 
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� Remark about services 

Services are included in the scope of the categories studied at different levels: 

� several categories studied are focusing on services: “Water supply and waste water treatment”, 3 
types of “Transport”, “Municipal waste management”, 

� although no specific fact sheets were elaborated for them, other services such as banking and 
financial services, hospitals, education services, public authorities functioning… are partly 
integrated in several of the studied product-oriented categories15, through their 
consumption of specific products: “Building occupancy – commercial sector”, “Paper products”, 
“Building structure – commercial sector”, “Textile – industrial and non domestic use”, “Footwear”, 
“Packaging”, “Food and beverages”.  

� The following tables present the detailed classification used in this study, as well as the categories 
eventually studied (“1” in the first column) and the 19 fact sheets elaborated (cf appendix report). 

They also indicate the corresponding sections of the CPA classification. Most of our categories refer to 
several CPA categories. As indicated above, products being classified in the CPA according to their 
industrial origin, the life cycle of a final product (e.g. electrical equipment) often covers different CPA 
categories (the production of the equipment itself, the production of the energy consumed during its 
use, the maintenance service during its use…). 

� It should be noted that this exercise was necessary in the framework of this study but it is not the 
end of the discussion on this issue. We had to find a compromise between being exhaustive and life-
cycle oriented. But the categorisation used in this study still presents some weaknesses (e.g. products 
or services consumed by businesses and administration not well covered) which will not be overcome 
without a standardisation work. 

 

                                                      
15  These categories cover not only households’ consumption but the entire European consumption. 
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  PPrroodduucctt  aanndd  SSeerrvviiccee  CCaatteeggoorriieess  CCllaassssiiffiiccaattiioonn  UUsseedd  iinn  tthhiiss  SSttuuddyy  

Family (1) Main relationships with the CPA classification
Categories (2) A B CA CB DA DB DC DD DE DF DG DH DI DJ DK DL DM DN E F G H I J K L M N O

Food and beverages
1 Vegetables X X
1 Animal food X X
1 Alcoholic beverages X

Clothing and footwear
(5) Textile (apparels and non domestic textiles) X

1 Footwear (leather) X
Housing

(6) Building structure (residential) X X X X X X X
(3) Domestic appliances X X

(7) Building occupancy (residential sector) (heating, hot 
water, ventilation, domestic appliances, lighting) X X X

1 Water (supply and waste water treatment) X
1 MSW management (recycling, incineration, landfill) X
1 Furniture X
1 Cleaning agents X

Healthcare and body care
Personal care products X X

1 Baby products X X
Medecines and pharmaceuticals X

Transport
(4) Public transport (road, rail, water, air) X X
(4) Personal cars X X

Communication, recreation and culture
(3) Information technology equipment X X X

1 Paper products X
Games & toys X

1 Gardening X
Jewelry X
Restaurants & hotels X

(8) Other services X
Other products and services

Machinery, equipment & apparatus X X
Other products X

(8) Other services X X X X X

(1) Families correspond to major consumption expenditures in the European Union
(2) Categories are more life-cycle oriented (gather products or services with significant similarities either at their production stage (similar components) or at their use step)
(3) Included in Electric and Electronic Equipments factsheet (cf below)
(4) Included in Transport factsheet (cf below)
(5) Included in Textile factsheet (cf below)
(6) Included in Building Structure factsheet (cf below)
(7) Included in Building Occupancy factsheet (cf below)

(8) Banking, insurance… services are partially taken into account in other categories: 'Paper products' category above and 'Building structure  (commercial sector)' and 'Building occupancy (commercial sector)' categories below

Factsheet
in the
study

Food from animals 
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  PPrroodduucctt  aanndd  SSeerrvviiccee  CCaatteeggoorriieess  CCllaassssiiffiiccaattiioonn  UUsseedd  iinn  tthhiiss  SSttuuddyy  ((CCoonnttdd))  

 

 

 

'Transversal products' Classification (activity sectors or intermediate products or services common to most of the final products)

Family Main relationships with the CPA classification
Categories A B CA CB DA DB DC DD DE DF DG DH DI DJ DK DL DM DN E F G H I J K L M N O

1 Electric and electronic products and equipment X X X
Domestic appliances
Information technology equipment

Construction work X X X X X X X
1 Building structure (commercial and residential)
1 Civil work (roads and other infrastructures)
1 Building occupancy X X X

Residential sector (gas, fuel, electricity, biomass)
Commercial sector (gas, fuel, electricity, biomass)

1 Packaging X X X X X
Food (glass, paper, plastics, metals…)
Non food (glass, paper, plastics, metals…)

1 Textile X
Apparel
Home furnishing
Industrial and non domestic uses

1 Transport X X
Public transport (road, rail, water, air)
Personal cars
Goods transport (road, rail, water)

factsheets presented in the study18

Factsheet
in the
study
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11..22..22  ““EEccoonnoommiicc  RReepprreesseennttaattiivveenneessss””  ooff  tthhee  PPrroodduucctt  oorr  SSeerrvviiccee  
CCaatteeggoorriieess  CCoonnssiiddeerreedd    

� Two types of indicators are used in this report to assess the representativeness of the results of 
this study: 

� “economic representativeness”: this indicator aims at assessing the representiveness of the studied 
categories compared to the whole economy that is supposed to be covered.  
This indicator is described in this chapter.  

� “environmental representativeness”: the objective is to assess the representativeness of the 
environmental impacts quantified in this study with a bottom-up approach (see § 1.3.2.1) compared 
to the total impacts generated at the European level assessed through top-down approaches. 
This indicator is described in section  2.1.1.  

� Assessing the economic weight that the studied categories compared to the whole economy 
present difficulties, linked to several points: 

� Our categories are life-cycle-oriented, i.e. encapsulate various activity sectors or types of 
consumers, whereas available macro-economic data refer either to activity sectors or types of 
consumers (enterprises, individuals, non-profit institutions serving households and government). 

� No homogeneous macro-economic data regarding the consumption of these types of consumers 
are available.  

� Considering the available macro-economic data, it was quite easy to quantify the “economic 
representativeness” of the categories considered for one type of consumers: individuals. For the other 
types of consumers, only a qualitative assessment can be made at that stage. 

� The study reaches a good “economic representativeness” regarding the consumption of 
individuals, probably somewhere between 60 and 75%. 

Because it is not easy to assess the representativeness of the services which are only partially studied 
through some of the main products / services they consume, a range was assessed first considering 
that 0% of such services are studied and secondly than 100% of them are studied.  

A detailed calculation is presented in the table next page. 

� The study reaches a medium level of “economic representativeness” regarding the 
consumption of the other consumers (enterprises, non-profit institutions serving households 
and government), which can not be quantified. 

Because data related to consumption patterns of enterprises, public procurement and non-profit 
institutions are not available with the same detail as those of individuals, it is not easy to quantify the 
“economic representativeness” of the study regarding this portion of the economy.  

But only few product or service categories specifically consumed by government or enterprises are not 
covered by the two classifications used of the study, such as: maintenance of specific material such as 
defence equipment, aeronautics…   
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““EEccoonnoommiicc  RReepprreesseennttaattiivveenneessss””  RReeggaarrddiinngg  tthhee  CCoonnssuummppttiioonn  ooff  IInnddiivviidduuaallss  

 

Purchasing Power Standard - PPS 
in the EU

Corresponding category 
in the study

Per household Per capita % 
T1/T3

% 
T2/T3

Average nb of persons / household 2,54
Studied
Hair care + Skin care 59,19 € 1% 1% Cleaning agents
Toileteries 31,71 € 1% 0% Cleaning agents

Clothing 1 204,39 € 474,17 € 8% 6% Textiles (for apparel)
Footwear 291,53 € 114,78 € 2% 2% Footwear
Household textiles 153,07 € 60,26 € 1% 1% Textiles (for home furnishing)
Furniture & furnishing, carpets 651,93 € 256,67 € 4% 3% Furniture (domestic)

Tools & equip for house and garden 125,66 € 49,47 € 1% 1% Furniture (garden)

Rentals for housing - Maintenance, repair of the 
dwelling 5 174,88 € 2 037,35 € 34% 27% Building structure

Electricty, gas, others fuels 972,53 € 382,89 € 6% 5% Building occupancy

Motor car 1 568,53 € 617,53 € 10% 8% Transports
Railway 84,91 € 33,43 € 1% 0% Transports
Road 114,38 € 45,03 € 1% 1% Transports
Air 58,07 € 22,86 € 0% 0% Transports
Fuels and lubricants 857,46 € 337,58 € 6% 5% Oils & lubricants

Telephone+fax equipments 39,28 € 15,46 € 0% 0% EEE (IT equipment)
Household appliance 234,66 € 92,39 € 2% 1% EEE (Domestic appliances)
Audio-visual equipments 127,00 € 50,00 € 1% 1% EEE (IT equipment)
Information processing equipments 119,00 € 46,85 € 1% 1% EEE (IT equipment)
Recording media 101,70 € 40,04 € 1% 1% EEE (IT equipment)
Telephone and fax services 495,14 € 194,94 € 3% 3% EEE (IT equipment)

Books 126,35 € 49,74 € 1% 1% Paper products
News papers & periodicals 207,07 € 81,52 € 1% 1% Paper products
Miscellanous printed paper 30,92 € 12,17 € 0% 0% Paper products

Meat 898,69 € 353,81 € 6% 5% Animal food
Milk, cheese and eggs 500,38 € 197,00 € 3% 3% Animal food
Alcoholic beverage (wine) 179,23 € 70,56 €                1% 1% Alocoholic beverage

Vegetables 360,23 € 141,82 € 2% 2% Vegetables
Fruits 260,38 € 102,51 € 2% 1% Vegetables

Water supply 367,80 € 144,80 € 2% 2% Water supply and waste water treatment

Sub-total products & services studied, "partialy 
studied services" excluded t1 14 937,37 € 5 971,76 €

Insurance and financial services 963,00 € 379,13 €               
Recreational and cultural services 593,00 € 233,46 €               
Package holidays, rest. & hotels 2 153,00 € 847,64 €               

Sub-total of some of the "services partialy 
studied" t2 3 709,00 € 1 460,24 €

TOTAL domestic expenditures studied, 
"partialy studied services" excluded T1=t1 14 937,37 € 5 971,76 € 61%

TOTAL domestic expenditures studied, 
"partialy studied services" included

T2=
t1+t2 18 646,37 € 7 431,99 € 76%

Not studied
Other food 1 625,78 € 640,07 €
Non alcoholic beverages 301,53 € 118,71 €
Other alcoholic beverages 258,41 € 101,74 €
Other products and services 4 034,91 € 1 588,55 €

Sub-total not studied t3 6 220,63 € 2 449,07 €

TOTAL domestic expenditures
T3=
t1+t2
+t3

24 867,00 € 9 790,16 €
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� Other checking were also made for specific flows quantified in this study, which show the good 
representativeness of the study: 

 
Flow EU data Total of all the categories 

covered by this study 

Consumption of primary energy 
for domestic use 

382 Euros / capita / yr average European price for 
electricity, fuels and gas 

x total electricity, fuels and gas 
consumption 

= 363 Euros / capita / yr 

Consumption of detergent for 
household textiles 

12 kg / capita / yr 12 kg / capita / yr 
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11..33  MMEETTHHOODDOOLLOOGGYY  EELLAABBOORRAATTEEDD  TTOO  AASSSSEESSSS  EENNVVIIRROONNMMEENNTTAALL  IIMMPPAACCTTSS  AANNDD  
EEXXTTEERRNNAALLIITTIIEESS  OOFF  PPRROODDUUCCTTSS  OORR  SSEERRVVIICCEESS  LLIIFFEE  CCYYCCLLEE  AATT  AA  
MMAACCRROOEECCOONNOOMMIICC  LLEEVVEELL    

11..33..11  OOvveerraallll  DDeessccrriippttiioonn  ooff  tthhee  FFoouurr--SStteepp  MMeetthhooddoollooggyy  

� The specificity of the methodology developed in this study is that it aims at integrating, for the 
first time and based on the current state of the scientific knowledge, four dimensions of the 
Integrated Product Policy: 

� all the major potential environmental impacts associated to products and services. 

The potential environmental impacts that are traditionally studied include those linked to resources 
consumption (non renewable resources depletion), air emissions (global warming, air acidification, 
photochemical oxidation…), water releases (eutrophication). They encompass human health and 
ecotoxicological aspects. 

� the external costs of these environmental impacts. 

Externalities are the costs imposed on society and the environment that are not accounted for by 
the producers and consumers, i.e. that are not included in market prices. They include damage to 
the natural and built environment, such as effects of air pollution on health, buildings, crops, forests 
and global warming; occupational disease and accidents; and reduced amenity from visual 
intrusion of plant or emissions of noise. 

� the different stages constituting the life cycle of products and services. 

The interest of a life cycle-oriented approach in the framework of the IPP is justified by the fact that 
product and service categories present contrasted life cycle patterns. For instance, as the study 
shows (see section  2), the use stage is predominant for “transport” category, the production stage 
for “food” and the end of life stage for “building structure”.   

� the main product and service categories constituting the entire European economy. 

The large coverage of the study will help policy-makers in their prioritisation process to identify 
product or service categories for future policy development or implementation.  

� LCA16 is an important tool to support IPP work, alongside other key methodologies such as 
material flow analysis. LCA is however the most comprehensive approach to assess environmental 
impacts17 of products/services in quantitative terms throughout their lifecycle. That is why DG 
Environment required that this study was based on LCA. It had to be adapted to the specificities of the 
study, in particular its macroeconomic dimension, as it will be explained in the next sections of the 
report. 

As for the evaluation of external costs, numerous projects have been launched during the last ten or 
twenty years and major research works are still on-going. But none of the existing monetary valuation 
methods have been developed in a full LCA-based context18. It was not the purpose of this project to 

                                                      
16  The term LCA is used as defined in ISO 14040: “compilation and evaluation of the inputs, outputs and the 

potential environmental impacts of a product system throughout its lifecycle”. 
17  Or “burdens”. 
18  Several have been carried out on a life cycle basis, such as ExternE studies, but focusing on specific flows or 

aspects from life cycle, such as energy. 
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undertake such a work but only to derive cost factors from existing literature. The way how this part of 
the project was handled, as well as the difficulties encountered, are detailed in chapter  1.3.3.  

� The elaborated methodology is constituted of four steps: 

1. Life Cycle Inventory (LCI) step, to inventory and quantity all the inputs from nature and outputs 
to nature occurring along the life cycle of products and services, 

2. Environmental Impacts Assessment step, to assess the environmental impacts generated by 
the inputs and outputs quantified,  

3. Monetarisation step, to assess the external costs of the studied life cycles, 

4. Internalisation step, to estimate the part of external costs already internalised into prices. 

This is a bottom-up approach, first looking at the product or service life cycles individually, then 
transposing them to the European macroeconomic level. 

Remark: Given that the results of the Environmental Impacts Assessment step are multi-criteria (the 
environmental impacts quantified are expressed in different units which prevents them from being 
aggregated on an objective basis), the monetarisation step may be seen as a way to obtain a global 
score for the life cycles analysed, which may facilitate the decision-making process for policy makers.  
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  FFoouurr--SStteepp  MMeetthhooddoollooggyy  ttoo  AAsssseessss  EEnnvviirroonnmmeennttaall  IImmppaaccttss  aanndd  EExxtteerrnnaalliittiieess  ooff  PPrroodduuccttss  aanndd  SSeerrvviicceess  LLiiffee  CCyyccllee  aatt  tthhee  MMaaccrroo--EEccoonnoommiicc  LLeevveell    

Step 1 – Life Cycle Inventory (LCI)

1.1 Functional unit definition
Reference quantities selection

Market-oriented
Quantity to fulfill 
the EU consumers demand 
per year

EU
consumption 
databases

1.2 System boundaries setting-up

Market-oriented
Each category system 
composed of product / 
service sub-systemsLCI 

databases
1.3 LCI calculation

LC impact assessmentImpact 
factors

Step 3 – LC Environmental Impact Monetarisation

LC external costs calculationExternal cost 
factors

Step 4 – Internalisation of LC External Costs

4.1 LC environmental taxes evaluationEnvironmental 
taxes

4.2 Other key indicators calculationLife cycle 
prices

Outputs for Each Product or Service Category

Step 2 – LC Environmental Impact Assessment

Life cycle inventory (LCI) Total Sub-system 1 …
Prod. Use End life Prod. Use End life Prod. Use End life

Raw materials
(r) Barium Sulphate kg
(r) Bauxite kg
(r) … kg

Energy consumption
E Feedstock Energy MJ
E Fuel Energy MJ
E … MJ

Air emissions
(a) Acetaldehyde g
(a) Acetic Acid g
(a) … g

Water emissions
(w) Acids g
(w) Alcohol g
(w) … g

Waste kg
… …

Impact assessment Total Sub-system 1 …
Prod. Use End life Prod. Use End life Prod. Use End life

Depletion of NRR kg antimony eq.
Global warming g CO2 eq.
Air acidification g SO2 eq.
Eutrophication g PO4 eq.
Human toxicity g eq. 1-4-dichlorobenzene
… …

External costs Total Sub-system 1 …
Prod. Use End life Prod. Use End life Prod. Use End life

Global warming Euros
Air acidification Euros
Human toxicity Euros
… Euros
Total ext cost Euros

Environmental Taxes Total Sub-system 1 …
Prod. Use End life Prod. Use End life Prod. Use End life

Total environmental taxes Euros

Total Sub-system 1 …
Other key indicators Prod. Use End life Prod. Use End life Prod. Use End life
A - Envtal taxes / External Cost %
D - Current Internalisation Level high/low
B - Ext Cost Not Internalised/ LC Price %
E - Ext Cost Not Internalised/ LC Price high/low
C - External Cost / LC price %
F - External Cost / LC price high/low

Step 1 – Life Cycle Inventory (LCI)

1.1 Functional unit definition
Reference quantities selection

Market-oriented
Quantity to fulfill 
the EU consumers demand 
per year

EU
consumption 
databases

1.2 System boundaries setting-up

Market-oriented
Each category system 
composed of product / 
service sub-systemsLCI 

databases
1.3 LCI calculation

LC impact assessmentImpact 
factors

Step 3 – LC Environmental Impact Monetarisation

LC external costs calculationExternal cost 
factors

Step 4 – Internalisation of LC External Costs

4.1 LC environmental taxes evaluationEnvironmental 
taxes

4.2 Other key indicators calculationLife cycle 
prices

Outputs for Each Product or Service Category

Step 2 – LC Environmental Impact Assessment

Life cycle inventory (LCI) Total Sub-system 1 …
Prod. Use End life Prod. Use End life Prod. Use End life

Raw materials
(r) Barium Sulphate kg
(r) Bauxite kg
(r) … kg

Energy consumption
E Feedstock Energy MJ
E Fuel Energy MJ
E … MJ

Air emissions
(a) Acetaldehyde g
(a) Acetic Acid g
(a) … g

Water emissions
(w) Acids g
(w) Alcohol g
(w) … g

Waste kg
… …

Impact assessment Total Sub-system 1 …
Prod. Use End life Prod. Use End life Prod. Use End life

Depletion of NRR kg antimony eq.
Global warming g CO2 eq.
Air acidification g SO2 eq.
Eutrophication g PO4 eq.
Human toxicity g eq. 1-4-dichlorobenzene
… …

External costs Total Sub-system 1 …
Prod. Use End life Prod. Use End life Prod. Use End life

Global warming Euros
Air acidification Euros
Human toxicity Euros
… Euros
Total ext cost Euros

Environmental Taxes Total Sub-system 1 …
Prod. Use End life Prod. Use End life Prod. Use End life

Total environmental taxes Euros

Total Sub-system 1 …
Other key indicators Prod. Use End life Prod. Use End life Prod. Use End life
A - Envtal taxes / External Cost %
D - Current Internalisation Level high/low
B - Ext Cost Not Internalised/ LC Price %
E - Ext Cost Not Internalised/ LC Price high/low
C - External Cost / LC price %
F - External Cost / LC price high/low
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11..33..22  MMeetthhooddoollooggiiccaall  FFrraammeewwoorrkk  ffoorr  tthhee  AAsssseessssmmeenntt  ooff  tthhee  
EEnnvviirroonnmmeennttaall  IImmppaaccttss  

In this LCA methodological part, we will successively discuss: 

� Market-oriented LCA, as LCA adapted to the macroeconomic dimension of the study, 

� Key methodological aspects of LCI and LCA: functional unit, system boundaries, inventories, 
environmental impacts assessment, 

� Limitations and Uncertainties Linked to the LCI & LCA steps. 

11..33..22..11  MMaarrkkeett--OOrriieenntteedd  LLCCAA  

� Life cycle assessment (LCA) is a decision support tool supplying information on the environmental 
effects of products. It provides information on the environmental effects and potential impacts of all the 
stages of product life cycle (from “cradle to grave”), by : 

� compiling an inventory of relevant inputs and outputs of a product system throughout its entire 
lifecycle, 

� assessing the potential environmental impacts associated with those inputs and outputs, 

� interpreting the results of the inventory analysis and impact assessment phases in relation to the 
objectives of the study. 

LCA is a product-oriented environmental assessment method which has been generally used at a 
micro-economic level (process-oriented LCA, product-oriented LCA, waste-oriented LCA). A product 
system is the part of the economy that produces a certain amount of service that is called "functional 
unit" in LCA. 

In this study, an attempt is made to derive a simplified Life Cycle Assessment addressing product 
systems on a macro-economic level (i.e. integrating consumption patterns in the European Union), 
which can be called “market-oriented LCA”. Such a method is particularly relevant for the reduction of 
the environmental burden caused by a wide range of products satisfying different consumer demands. 

� The definition of LCA with the most authority nowadays is the ISO 14040 definition (ISO 14040, 
1997). 

In this ISO “code of practice”, LCA is divided into four main steps: 

� Step 1 - Goal definition and scope 

The products to be assessed are defined, a functional basis for comparison is chosen and the 
required level of detail is described. 

� Step 2 - Inventory analysis 

The inputs - energy and raw materials used - and outputs - emissions to the atmosphere, water 
and land - are quantified for each process and then combined in the process flow chart (life cycle 
inventory, LCI). 

� Step 3 - Impact assessment 

The effects of the resources used and emissions generated are grouped and quantified into a 
limited number of impact categories which may then be weighted for importance. 

� Step 4 - Improvement assessment 



B I O  I n t e l l i g e n c e  S e r v i c e  -  O 2 F r a n c e       . 
EXTERNAL ENVIRONMENTAL EFFECTS RELATED TO THE LIFE CYCLE OF PRODUCTS AND SERVICES 

35

The results are reported in the most informative way as possible and the need and opportunities to 
reduce the impact of the product(s) on the environment are systematically evaluated. 

Key methodological issues related to steps 2 and 3 are described hereafter (the goals of the study 
being described in section  1.1.2 Objectives of the study, the scope in section  1.2 Product or Service 
Categories Covered by this Study and the “improvement assessment” step 4 being not part of the 
study).  

11..33..22..22  FFuunnccttiioonnaall  UUnniittss  

� A functional unit is a measure of the performance of the functional outputs of the product system 
under study. The primary purpose of a functional unit is to provide a reference to which the inputs and 
outputs are related. This reference is necessary to ensure comparability of LCA results.  

The ISO 14040 defines the functional unit as “a quantified performance of a product system for use as 
a reference unit in a life cycle assessment study”. 

� The study dealing with about 30 categories of products representative of our economy at a macro-
economic level and having to be compared, we had to chose a common functional unit relevant for all 
of them. 

The chosen functional unit, consistent with the goal of the study, is: 

quantity Q of products needed to fulfil the demand of European consumers per year. 

with: 

� Time reference: 1999 

� Geographic reference: European Union  

� Scope reference: consumption (importation of goods are thus part of the system 
boundaries but not exportation). 

The quantity Q of commodities needed to satisfy the end-use consumption in the EU during a year 
may be expressed in various units, depending on each product group: 

� t or m3 of products (most of products), 

� m or m2 of products (carpet, roads, some construction products …),  

� Dimensionless number of sale units (pairs of shoes, …), 

� Specific units such as pkm (passenger x km) or (tkm) tonne x km for transport services of 
passengers or goods. 

11..33..22..33  SSyysstteemm  BBoouunnddaarriieess  

� LCA is a tool for the assessment of the potential environmental impacts of a product system. Not 
only potential impacts due to the usage of a product, but also production, transportation, maintenance, 
and waste disposal are considered (i.e. its entire life cycle). 

A product system can be represented graphically as follows. 
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BBoouunnddaarriieess  ooff  aa  PPrroodduucctt  SSyysstteemm  

  

 

 

 

 

 

 

 

 

 

 

� In the scope of the study, LCA results are presented at the level of categories, each of them 
including different types of products thus life cycles with different patterns. An LCA system referring to 
a given category is thus composed of various product sub-systems.  

BBoouunnddaarriieess  ooff  aa  CCaatteeggoorryy  SSyysstteemm    
EExxaammppllee  --  EElleeccttrriicc  aanndd  EElleeccttrroonniicc  EEqquuiippmmeenntt  CCaatteeggoorryy  

 

 

Recycling 
loop 

Inputs Outputs

Raw materials 
production 

Inputs Outputs 

Product 
production 

Inputs Outputs

Product 
distribution

Inputs Outputs

Product  
use 

Inputs Outputs

Collection  
of the product at 
the end of its life

Refining 

Inputs Outputs

Product  
sub-system  

Telephone 

0.350 kg 

Product  
sub-system  
Television +  

videorec. 

1.41.kg 

Product  
sub-system  

IT equipment 

1.29 kg 

Product  
sub-system  

Lighting 

0.150 kg 

Category system: New EEE purchased per capita per yr in Europe  

Product 
 sub-system 

Batteries & 
accumulators

12 batteries 

Product  
sub-system 

Domestic 
appliances 

14.46 kg 
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11..33..22..44  LLiiffee  CCyyccllee  IInnvveennttoorryy  

� Overview 

As stated below, the basis of an LCA study is an inventory of all the inputs and outputs of industrial 
processes that occur during the life cycle of a product. This includes the production phase as well as 
the distribution, use and final disposal of the product. 

The life cycle can be presented as a process tree.  

EExxaammppllee  ooff  aa  pprroocceessss  ttrreeee  

Each box represents a process which forms part of the life cycle. Every process has defined inputs 
and outputs.  

 

Process inputs can be divided into two categories:  

� inputs of raw materials and energy resources (environmental inputs),  

� inputs of products, semi-finished products or energy, which are outputs from other processes 
(economic inputs).  

Similarly, there are two kinds of outputs: 

� outputs of emissions (environmental outputs),  

� output of a product, a semi-finished product or energy (economic outputs).  

With information about each process and a process tree of the life cycle, it is possible to draw up a life 
cycle inventory of all the environmental inputs and outputs associated to the product. The result is 
called impacts table. Each impact is expressed as a particular quantity of a substance. 

In this study, the impacts table related to each product system under study has about 300 rows (each 
row represents an elementary flow). 

� Inventory process in greater detail 

The inventory process seems simple enough in principle. In practice, it is subject to a number of 
practical and methodological problems, including:  

� System boundaries 

In breaking the life cycle down into processes, it is not always clear how far one should go in 
including processes belonging to the product concerned.  In the production of polyethylene, for 
example, oil has to be extracted; this oil is transported in a tanker; steel is needed to construct the 
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tanker, and the raw materials needed to produce this steel also have to be extracted. For practical 
reasons a line must be drawn. For example, the production of capital goods is usually excluded. 

� Processes that generate more than one product 

For example the electrolysis of salt produces chlorine. The environmental effects of the electrolysis 
process cannot be ascribed entirely to chlorine alone, as caustic soda and hydrogen are also 
produced.  A suitable allocation rule is needed here, for instance allocation on mass basis 
or economic value of the products. In this study, we have generally used dataset based on 
allocation on mass basis. 

� Avoided impacts 

When a disposal process generates a profitable output, such as energy generation at a municipal 
waste incineration plant, it not only causes impacts. It also saves impacts as it is no longer 
necessary to produce the energy or the material in a normal way.   

To allow for this, avoided impacts are introduced. These are equivalent to the impacts that would 
have occurred in actual production of the material or energy. The avoided impacts of a process are 
deducted from the impacts caused by other processes. In this study both the attribution of impacts 
concept and the avoided emissions concept have been used for the category “municipal waste 
management”. 

� Geographical variations 

An electrolysis plant in Sweden uses much less environmentally detrimental electricity than an 
identical plant in Holland, as hydroelectric power is abundantly used in Sweden. In this study, we 
have generally used average data at the European level (for instance, the electricity mix is an 
average of the European mixes). 

� Data quality 

Publications on environmental process data are often incomplete or inaccurate. Moreover, the data 
are subject to obsolescence; there are many cases where processing industries have cut 
emissions by 90% during the last ten years. The use of obsolete data can therefore cause 
distortions.  

� Choice of technology 

A distinction can be made between worst, average, and best (or modern) technology. Before 
starting to collect data it is important to be aware of which type of technology you are interested in. 
In this study we have collected average technology as far as possible. 

Despite these problems, it is often quite feasible to carry out an impact inventory. It is unreasonable, 
however, to treat the results as an absolute truth. Factors such as the choice of technology and 
system boundaries, data quality etc. have to be taken into account when interpreting them. This is why 
it often seems to be disagreement among experts about the environmental soundness of a product. 

11..33..22..55  EEnnvviirroonnmmeennttaall  IImmppaaccttss  AAsssseessssmmeenntt  

� The inventory table is the most objective result of a LCA study. However, a list of substances is 
difficult to interpret. To make this task easier, life cycle impact assessment (LCIA) is used to evaluate 
the environmental impacts. 

Two problems exist regarding environmental impact assessment: 

� Data are not sufficient to calculate the damage caused by a given impact to ecosystems.  

� There is no generally accepted way to quantify quantifiable damage caused to ecosystems. 
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� A general approach to calculate potential environmental impacts is described hereafter with 
consistency to ISO standards related to LCA (ISO 14042, 14043).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

CCllaassssiiffiiccaattiioonn  aanndd  cchhaarraacctteerriissaattiioonn  

In the classification step, all substances are sorted into classes according to the effect they have on 
the environment. For example, substances that contribute to the greenhouse effect or that contribute 
to ozone layer depletion are divided into two classes. Certain substances are included in more than 
one class. For example, NOx is found to be toxic, acidifying and causing eutrophication.  

The substances are aggregated within each class to produce an effect score. It is not sufficient just to 
add up the quantities of substances involved without applying weightings. Some substances may have 
a more intense effect than others. This problem is dealt with by applying weighting factors (so called 
characterisation factors) to the different substances. This step is referred to as the characterisation 
step.  
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EExxaammppllee  ooff  CChhaarraacctteerriissaattiioonn  SStteepp  ffoorr  aa  SSmmaallll  IInnvveennttoorryy  TTaabbllee  

Emissions are multiplied by the corresponding weighting factor before being summed per class. The 
results are the effect scores.  

Emission Quantity (kg) Greenhouse Ozone layer depletion Human toxicity Acidification 

CO2 1.792 x 1 - - - 

CO 0.000670 - - x 0.012 - 

NOx 0.001091 - - x 0.78 x 0.7 

SO2 0.000987 - - x 1.2 x 1 

Effect scores:  1.792  0 0.00204 0.0017 

The interpretation of these scores may be less confusing than interpretation of a substance list, but is 
by no means without problems. If all the scores for one product are higher than those for another, it is 
easy enough to conclude which is the more environmentally friendly. But if one has a higher score for 
acidification, while the other has a higher score for the greenhouse effect it becomes difficult to justify 
such a conclusion.  

Interpretation depends on two factors:  

� The relative size of the effect compared to the size of the other effects. In this example it is 
important to see whether the ecotoxicity score of 100% refers to a very high or an extremely low 
effect level. This is normalisation.  

� The relative importance attached to the various environmental effects. This is evaluation.  

NNoorrmmaalliissaattiioonn  ((oorr  ssttaannddaarrddiissaattiioonn))  

In order to gain a better understanding of the relative size of an effect, a normalisation step is required. 
Each effect calculated for the life cycle of a product is benchmarked against the known total effect for 
this class. However, this step is still debatable and this study does not propose any standardisation 
approach.  

EEvvaalluuaattiioonn  ooff  tthhee  nnoorrmmaalliisseedd  eeffffeecctt  ssccoorreess  

Normalisation considerably improves our insight into the results. However, no final judgment can be 
made as not all effects are considered to be of equal importance. In the evaluation phase the 
normalized effect scores are multiplied by a weighting factor representing the relative importance of 
the effect. However, this step requires accurate, complicated and… debatable system constructions; 
therefore, this study does not propose any unique note in order to aggregate heterogeneous 
environmental scores. 
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� It should be reminded that LCAs assess potential impacts and not actual impacts. The term 
“potential” covers three characteristics of LCAs: 

� The assessment of LC environmental impacts is dependent on the current scientific knowledge 
and existing models, which is intrinsically limited.  

� Environmental impacts are assessed and aggregated from inputs and outputs occurring at 
different life cycle stages which means with different space and time location. 

When the environmental impact studied is global (e.g. global warming or non renewable resources 
depletion) and the inputs or outputs are cumulative (e.g. greenhouse gases or non renewable 
resources), this does not make any difference.  

But this is when the environmental impact is local (e.g. air acidification) or the inputs / outputs are 
not cumulative (e.g. noise) that the aggregation of inputs / outputs contribution to the studied 
environmental impact results in potential impacts. For instance, adding up local impacts as noise 
and odour does not make a lot of sense because they are not global and cumulative impacts but 
rather dependent on the location of the “emissions”. 

Thus LCAs assess maximum potential environmental impacts as if all the inputs and outputs 
occur at a same location in space and time. 

� For a given physical phenomenon (e.g. air acidity), LCAs do not quantify “endpoint” impacts (such 
as in monetarisation methods: respiratory diseases caused by an increase of air acidity…) ; rarely 
“midpoint” impacts (e.g. photochemical ozone creation potential) but generally “start point” 
impacts, i.e. the influence that pollutants emitted can have on the state of the environment (air 
acidity in that example). It gives a scale to assess the contribution to the environmental impact but 
not a quantification of the environmental impact itself (the higher the impact value quantified in 
LCA, the higher the environmental impact, without quantifying it directly).  

SSttaarrtt,,  MMiidd  aanndd  EEnndd  PPooiinntt  EEnnvviirroonnmmeennttaall  IImmppaaccttss  
EE..gg..  ffoorr  aaiirr  aacciiddiiffiiccaattiioonn  

Type of impact Scope Unit Where it is quantified
Start point impact Quantity of air emissions 

which influence air acidity 
g SO2 equivalent LCAs 

Mid point impact Air acidification (i.e. increase 
of air acidity) due to 
pollutants emitted 

Proton concentration 
in the air (acidity 
quantity)  
g H+ / m3 

Impact studies 

End point impact Social impacts of air 
acidification on human and 
ecosystems (such as 
respiratory diseases) 

e.g. Number of years 
of life lost 

External cost analyses 

Remark: this specificity of LCA addressing potential and not actual impacts concerns only the 
environment impacts assessment step. This does not concern the LCI step where inputs and outputs 
are quantified for each stage individually19. This is important when considering monetarisation, 
because existing methods of monetarisation are site-specific (see section  1.3.3).  

                                                      
19  It is only when one adds the different step that the “potentiality” issue occurs. 
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� The following impact categories are considered in this study for the impact assessment step. 

EEnnvviirroonnmmeennttaall  IImmppaaccttss  CCoonnssiiddeerreedd  

 

These categories are consistent with the use of existing European LCA inventory databases, except 
YOLL (Years of Life Lost), which has been added because it is commonly monetarised.  

Some other impact categories of interest (e.g. noise, odor, biodiversity, risk of accidents… – see next 
chapter) have not been included in the scope of this study because of data gaps in most of available 
LCI databases. 

 

Remark: the term « dusts » used all along the report is taken as an equivalent to “particulate matter”. 

Environmental Impacts

Linked to resources consumption
Depletion of non renewable resources kg antimony eq.

Linked to air emissions
Greenhouse effect (direct, 100 yrs) g CO2 eq.

Stratospheric Ozone Depletion g CFC-11 eq.
Air acidification g SO2 eq.

Photochemical oxidation g ethylene eq.

Linked to water effluents
Eutrophication g PO4 eq.

Linked to human health
Human Toxicity g eq. 1-4-dichlorobenzene
Years of Life Lost year

Linked to ecotoxicological risk
Aquatic Ecotoxicity g eq. 1-4-dichlorobenzene
Sediment Ecotoxicity g eq. 1-4-dichlorobenzene
Terrestrial Ecotoxicity g eq. 1-4-dichlorobenzene

Other Flows Not Taken Into Account in the Environmental Impacts Above

Primary energy MJ
Dusts g
Dioxins g
Metals into air g
Metals into water g
Metals into soil g
Municipal and industrial waste kg
Hazardous waste kg
Inert waste kg



B I O  I n t e l l i g e n c e  S e r v i c e  -  O 2 F r a n c e       . 
EXTERNAL ENVIRONMENTAL EFFECTS RELATED TO THE LIFE CYCLE OF PRODUCTS AND SERVICES 

43

11..33..22..66  LLiimmiittaattiioonnss  aanndd  UUnncceerrttaaiinnttiieess  LLiinnkkeedd  ttoo  tthhee  LLCCII  &&  LLCCAA  sstteepp  

� Uncertainties linked to system boundaries setting up 

Although theoretically similar from a product or service category to another, system boundaries are 
very dependent on available LCI data. For instance, transformation or use steps as well as production 
steps of some product components or consumables can not systematically be integrated due to a lack 
of LCI data (see section  1.4.1.2). 

� Uncertainties linked to the composition of the product or service categories 

As described in section  1.3.2.3, most of the product and service categories selected are composed of 
numerous sub-systems (e.g. the "vegetable food products" category theoretically contains all sorts of 
vegetables and fruits) whose LCI may differ more or less significantly.  

But only those sub-systems for which LCI data were available were able to be integrated. Eventually, 
the composition of the categories was adjusted according to available LCI data (see section  1.4.1.2). 
Practically, extrapolation were made: sub-systems with no available LCI are considered having the 
same LCI as others, if possible as those presenting close life-cycle patterns.   

� Uncertainties linked to LCI calculation and environmental impacts assessment 

Two basic kinds of uncertainty have to be distinguished:  

� the first one is linked to the level of reliability and accuracy of the inventory datasets, 

� the other concerns the calculation modelling used to describe the physical phenomena linked to the 
environmental impacts.  

The soundness of every environmental impact indicators is scored ('++++' high reliability to '+' = very 
low reliability) in the table below.  

The scores for the confidence in the inventory data reflect the today's state of the art for the inventory 
stage within the LCA framework. 

Although the availability of LCI data has improved immensely over the last years, the proliferation of 
LCI data on the information market has lead to problems with data quality, comprehensiveness, 
comparability and equal distribution of LCI data. In particular, environmental data do not exist for all 
products or services, for all life cycle stages and for all inputs or outputs contributing to environmental 
impacts. Several quality parameters can be set up as:  

� time representativeness: are the data only specific to the time period when the inventories were 
carried out? do they fit to describe prospective situations? 

� geographical representativeness: are the data specific to a given location (country, region...) or 
representative of an average European situation? 

� technological representativeness: are the data specific to a given technology or do they cover the 
diversity of possible technologies? 

� environmental representativeness: are the inventories focusing only on some inputs/orputs or is the 
level of comprehensiveness good? 



B I O  I n t e l l i g e n c e  S e r v i c e  -  O 2 F r a n c e       . 
EXTERNAL ENVIRONMENTAL EFFECTS RELATED TO THE LIFE CYCLE OF PRODUCTS AND SERVICES 

44

The scores for the reliability of the calculation methods are representative of the today's state of the art 
for environmental impact assessment within the LCA framework; additional works are in progress to 
improve the indicators related to human health and ecosystems. 

In particular, it should be noted that linear models with no threshold are used today to assess the 
environmental impacts. Response and thresholds effects are neglected. That means that nor the 
adaptation capacity of humans and ecosystems neither their specific response are taken into 
consideration. This is likely to constitute a huge approximation. 

LLiinneeaarr  MMooddeellss  aass  BBaassiiss  ooff  LLCCAA  

 

As for toxicity, although the level of uncertainty is not easy to quantify, it is likely to be high: 

� first, it is difficult to predict and quantify which toxic substances could potentially be released during 
the manufacturing, use or disposal of products. Thus most of available LCI databases are of poor 
quality when considering toxic substances inventoried.  

� secondly, controversy still exists among the scientific community regarding the characterisation 
impact factors to assess the contribution of each toxic substances to the different types of toxicity 
(human toxicity, aquatic ecotoxicity, sediment ecotoxicity and terrestrial ecotoxicity).  

It should be noted that a method is being developed as part of the 5th framework project OMNIITOX 
(www.omniitox.net), which may help to improve the way toxicity is taken into account in LCA in the 
future. 

 

Used in 
LCAs 
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LLeevveell  ooff  CCoonnffiiddeennccee  ooff  LLCCAAss    

Area of 
protection Impact category Scientific unit for 

the indicator 
Confidence in the 

inventory data 

Reliability of the 
calculation 
methods 

kg eq. crude oil +++ 
Fossils fuels 

MJ 
+++ 

 
Total energy MJ +++ +++ 

Consumption of 
resources 

Water kg +++ +++ 
Global warming 
potential kg eq. CO2 +++ +++ 

Acidification  potential kg eq. SO2 ++ ++ 

Air pollution 

Photochemical pollution kg eq ethylene  + ++ 
Water pollution Eutrophication potential kg eq. PO4 ++ ++ 
Waste Solid waste kg +++ ++++ 

Human toxicity kg eq. 1-4 
dichlorobenzen 

+ + 

Aquatic ecotoxicity kg eq. 1-4 
dichlorobenzen + + 

Human health 
and 
Ecosystems  

Terrestrial ecotoxicity kg eq. 1-4 
dichlorobenzen + + 

� Limitation of environmental impacts captured 

The notion of Environment is vague. The goal of Life Cycle Assessment is not to cover the entire 
environmental issue: only what is quantitative (measurable) and extensive (which can be added 
throughout an entire lifecycle) is taken into account. We talk about environmental accountancy.  

Some impact categories are not or not well captured by LCA because of two main reasons:  

� either they are not compatible with the LCA methodology, such as: 
- noise,  
- odor, 
- nature conservation (biodiversity, etc.), 
- land disturbance20, 
- disamenity, 
- risk of accidents (nuclear, oil slicks, transport…).  

As mentioned above, one of the reasons is that adding local impacts as noise and odour does not 
make a lot of sense because they are not global and cumulative impacts but rather dependent on 
the location of the “emissions”. 

� or they are not well / comprehensively assessed in available LCA databases, such as sometimes: 
- nuclear waste, 
- toxicity of products, 
- land use. 

As a consequence, the study will only focus on the environmental impacts generally assessed in 
LCAs. 

                                                      
20  i.e. effects of land use (by human activities) on ecosystems structure and functioning. 
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11..33..33  MMeetthhooddoollooggiiccaall  FFrraammeewwoorrkk  ffoorr  tthhee  MMoonneettaarryy  VVaalluuaattiioonn  ooff  
EEnnvviirroonnmmeennttaall  IImmppaaccttss  

This chapter successively examines: 

� how external cost factors can be used in such a macro-economic and LCA-based study, 

� what are the cost factors data the most appropriate to this study (more precisely, what is the 
existing monetarisation method which gives the most appropriate cost factors), 

� the difficulties linked to this monetarisation step combined with LCAs. 

11..33..33..11  UUssee  ooff  EExxtteerrnnaall  CCoosstt  FFaaccttoorrss  iinn  aann  LLCCAA--BBaasseedd  SSttuuddyy  

� Theoretically, two methods are possible to assess the external costs of products of services life 
cycle starting from LCA results: 

� Method 1: to monetarise the inputs and outputs quantified on the LC inventory and then to add 
them to obtain the total external cost associated to the LC, 

� Method 2: to monetarise the environmental impacts assessed and then to add those to obtain the 
total external cost associated to the LC. 

TTwwoo  PPoossssiibbllee  MMeetthhooddss  ttoo  AAsssseessss  tthhee  LLCC  EExxtteerrnnaall  CCoossttss  ffrroomm  LLCCAAss  ddaattaa  

 

 

 

 

 

 

 

 

 

 

 

 

Characterisation 
factors 

External cost 
factors for 

inputs/output

LCI

Environmental 
impacts 

External 
costs 

External  
cost factors for 

environmental impacts

Method 2 
Environmental impacts 

monetarisation

Method 1  
LC inputs/outputs 

monetarisation

LCA 
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Method 1: LC inputs/outputs monetarisation 

For each input or output, the following calculation method consists in: 

IO x ECFi = ECio 

Where IO = quantification of the input or output under consideration (e.g. X g SO2) 

 ECFio = external cost factor related to the input or output IO under consideration (e.g. Y Euros 
/ g SO2) 

 ECio = external cost obtained for the input or output (in Euros) 

The total external cost EC is then the sum of the ECio of all the inputs and outputs of the LCI. 

 

Method 2: Environmental impacts monetarisation 

For each environmental impact, the calculation method consists in: 

EI x ECFei = ECei 

Where EI = quantification of the environmental impact under consideration (e.g. for air acidification, X 
g SO2 equivalent) 

 ECFei = external cost factor related to the environmental impact EI under consideration (e.g. 
for air acidification, Y Euros / g SO2 equivalent) 

 ECei = external cost obtained for the environmental impact (in Euros) 

The total external cost EC is then the sum of the ECei of all the environmental impacts 
assessed. 

 

� Theoretically, the two preceding methods should converge and the total external costs EC should 
be the same21.  

Given that the calculation of the environmental impacts generates another level of uncertainties as 
described above (see § 1.3.2.6) in addition to those inherent to the LCI step, Method 1 -  LC 
inputs/outputs monetarisation could be preferred.  

However, because external cost factors do no exist for all the inputs / outputs contributing to the 
environmental impacts quantified in an LCA, Method 2 was more easy to implement in this study (see 
section  1.4.2.2 where it is explained how external factors eventually used in this study for 
environmental impacts were derived from existing data).   

                                                      
21  At least when using external costs factors established with an impact pathway method (which monetarises 

physical impacts – see below § 1.3.3.2), 
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11..33..33..22  EExxiissttiinngg    MMoonneettaarriissaattiioonn  MMeetthhooddss  WWhhiicchh  EEssttaabblliisshh  CCoosstt  FFaaccttoorrss  

� Once having decided how to use the cost factors in this study (Method 2 as described above, i.e. to 
apply them to the environmental impacts and not the inventory inputs and outputs), the next step was 
to select (or build) these cost factors. 

For that purpose, we examined existing monetarisation methods (which produce cost factors) to 
identify which one(s) could fit the most with an LCA framework. 

� Monetarisation methods have been developed for years (and until quite recently, independently 
from LCAs). This is not the purpose of this work to discuss them in detail. Very brief background 
information are given in appendix  2.   

� An intermediate experts workshop was held in June 2002 to look at the monetarisation issues of 
the study. 

Following the advice given by the experts and the choices made by the project leaders from the 
European Commission, it was concluded that to build cost factors for the purpose of this study, one 
should give preference to the impact pathway approach which presents similarities with the LCA 
methodology (as described in the figure next page) and focus on studies carried out for the European 
Commission, especially resulting from the ExternE project, largely accepted in the community working 
in the domain of monetarisation. 

The Impact pathway approach (also called Dose-response or Damage costs approach) sits between 
life cycle assessment and valuation. It is based on the use of a damage functions to link an 
environmental alteration to its consequences (e.g. on health) and then the imputation of the costs of 
these consequences to the environmental damage. In particular contingent valuation, preventive and 
restorative expenditures provide the data that are used for valuation in the impact pathway approach 
(see appendix  2 for a little bit more information).  

These sources of information have then been used in priority to establish the cost factors eventually 
used in this study (see section  1.4.2). 
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  CChhaarraacctteerriissttiiccss  ooff  IImmppaacctt  PPaatthhwwaayy  AApppprrooaacchh  aanndd  LLCCAA  

Impact Pathway Approach

Technology

Pathway Stages

E.g. Fuel cycles

Emission factors

Burden

E.g. SO2 emissions (g)

Dispersion models

Concentration Field

E.g. SO2 concentration (g/m3)

Dose/response function

Data / Models

(End-Point) Social Impacts

E.g. Years of life lost (yrs)

Monetary valuation

Damage Costs

E.g. Years of life lost (Euros)

Legend

More or less location-specific depending on available data

Location-specific by purpose

LCA

Product/Service Life Cycle

LCA Steps

E.g. Fuel cycles

Emission factors

Life Cycle Inventory (LCI)

E.g. SO2 emissions (g)

Characterisation 
(potential impact) 

factors

Data / Models

(Start-Point) Potential 
Environmental Impacts

E.g. Contribution to air acidification

Not location-specific

Sim
ila

rit
ies

 (1
)

(1) Similarities: (i) bottom-up approaches; (ii) burdens (inputs 
from and outputs to nature) assessed through emission factors 
associated to each process involved in the studied system 
which are more or less time & space-specific
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11..33..33..33  DDiiffffiiccuullttiieess  LLiinnkkeedd  ttoo  AAppppllyyiinngg  MMoonneettaarriissaattiioonn  ttoo  LLiiffee  CCyyccllee  SSttuuddiieess  aanndd  
UUnncceerrttaaiinnttiieess  

� First of all, it is important to mention that some uncertainties are directly linked to the 
monetarisation methods themselves, because these methods are often based on simplifying 
assumptions. Each method has its own logic and hypotheses which lead to specific complexities when 
interpreting the results (see Appendix  2).  

In addition, as for LCAs, it should be noted that linear models with no threshold are often used today 
to assess external costs, which may lead, in certain cases, to neglect some important response and 
thresholds effects. That means that the adaptation capacity of humans and ecosystems and their 
specific response are not always taken into consideration. This is likely to constitute a huge 
approximation in some cases at least. 

LLiinneeaarr  MMooddeellss  aass  BBaassiiss  ooff  MMoonneettaarryy  SSttuuddiieess  

 

 

� Apart from these general uncertainties, specific problems occur when combining results from 
monetarisation studies and LCA linked to the specificities of each type of approaches.  

A first difficulty is related to the fact that many substances can contribute to more than one type of 
environmental impact. For instance, NOx emissions have an effect on eutrophication, acidification, 
and photochemical oxidation as well as on human health. However, while LCA quantifies the different 
categories of environmental impacts, the economic valuations are generally estimations for distinct 
pollutant emissions, including all its different impacts. Sometimes it is not possible to differentiate the 
impacts involved in the calculation.  

Used in 
monetary 
studies 
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Another difficulty concerns the fact that units of data are not always the same and are sometimes 
incompatible. For example, outputs of LCA for human toxicity are expressed in 1,4-dichlorobenzene 
equivalent, whereas carcinogenic effects are mainly evaluated in the literature for heavy metals 
emissions.  

The last difficulty, but not the least, is simply that some impacts, which are quantified in LCA, are not 
monetarised, neither studied, in environmental economics literature, as for example water 
consumption.  

� A limit of the overall approach is linked to the fact that it combines potential global impacts (LCA) 
with actual location and source-specific external cost factors (monetarisation). 

On one hand, the environmental impacts quantified through an LCA approach are both potential and 
global:  

� potential because the actual fate of the impact factors (emissions) in the environment and the 
exposure of natural systems (humans and other living systems) to these impact factors are not 
considered in the computational models used in LCA approach, 

� global because emissions which occur in different locations at different times are simply summed 
throughout a product system lifecycle. This method is valid for emissions which contribute to an 
environmental impact in a cumulative manner (greenhouse gases or ozone depleting substances). 
But for others impact categories (human health, ecotoxicology, eutrophication…), this method 
conducts to an overstatement of actual effects.   

On the other hand, monetarisation methods aim at addressing the location and source-specific nature 
of impacts associated with emissions to air, water, land. For instance, the implications of emissions 
from a 50 m stack are very different to those at ground level. 

� The goal of this part of the project was to integrate a financial axis in the life cycle assessment of 
product groups, and thus to allow policy makers to get a picture of the approximate financial 
implications of environmental impacts linked to product life cycles.  

However, the task was not an easy one to define the convenient methodology, identify the existing 
studies giving the appropriate numbers, and then calculate and interpret the overall results for all 
covered product groups. It is thus important to underline that the results of this work are rather 
to be seen as a first step in developing a suitable methodology for future work, than as a 
definitive basis for policy decision making.  

Another important point is the following: this economic part of the study was carried out from April to 
August 2002. The more recent existing studies in the field of monetarising external effects were thus 
not taken into account. However, we tried to at least mention them, in order to simplify future work on 
this field.  
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11..33..44  MMeetthhooddoollooggiiccaall  FFrraammeewwoorrkk  ffoorr  tthhee  IInntteerrnnaalliissaattiioonn  ooff  EExxtteerrnnaall  
CCoossttss  

11..33..44..11  RRoollee  ooff  EEnnvviirroonnmmeennttaall  TTaaxxeess  iinn  tthhee  IInntteerrnnaalliissaattiioonn  ooff  EExxtteerrnnaall  CCoossttss  

Taxes and charges are currently the most common (though not necessarily widely used) attempt to 
internalise external effects, ideally aiming at prices to reflect the environmental impacts of products.  

In order to study the degree of internalisation of environmental external effects of different product 
categories, the analysis of environmental taxes is a first proxy. For that, the total amount of taxes and 
charges related to the life cycle of a product has to be compared to the monetary valuation of the 
different external effects. 

11..33..44..22  MMeetthhooddoollooggyy  UUsseedd  ttoo  AAsssseessss  tthhee  LLeevveell  ooff  IInntteerrnnaalliissaattiioonn  ooff  tthhee  EExxtteerrnnaall  
CCoossttss  aanndd  KKeeyy  IInnddiiccaattoorrss  

After having assessed the external costs generated during the whole life cycle of the marketed 
products or services, the study aims at evaluating the level of internalisation into the prices already 
reached for external costs.  

11..33..44..22..11  LLiiffee  CCyyccllee  PPrriiccee  

� Definition of “life cycle price” 

Given that we take into account the whole life cycle of products, the price we consider has to 
correspond to the whole life cycle as well i.e. has to include the expenditures during the use and the 
end of life of goods. This price can be called ‘life cycle price’. 

DDeeffiinniittiioonn  ooff  LLiiffee  CCyyccllee  PPrriiccee  

                                  22 

 

 

 
earnings after taxes   

other taxes  other taxes 
environmental taxes  environmental taxes 

other COGS  
& amortisation 

 environmental 
expenditures 

environmental COGS23 
& amortisation  

 direct and indirect use 
expenses 

other SG&A   
environmental SG&A24   

                                                      
22  Corresponding to the ‘purchasing price’ by consumers or the ‘market price’. 
23  Costs Of Good Sold. 
24  Selling, General and Administrative expenses. 

Selling price + 
Use (& end of life) 

expenditures 

 

= Life cycle price 
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� Quantification of life cycle prices 

In order to assess the life cycle price of a given product or service category, two types of methods are 
possible: 

� a bottom-up approach, assessing first the life cycle price of each main product or service 
constituting the category by adding their selling price and the expenditures linked to their use. Then 
the life cycle price of the category can be deduced by adding these individual life cycle prices.  

� a top-down approach, based on global European data split between the different categories 
studied. 

Because macroeconomic data are already available in that field (contrary to the LCA field), we whose 
a top-down approach, consisting into approximating the life cycle prices with the average 
European households expenditures. 

 

11..33..44..22..22  LLiiffee  CCyyccllee  EEnnvviirroonnmmeennttaall  TTaaxxeess  

To calculate the overall environmental taxes for the whole life cycle of a given product or service, we 
multiplied each environmental tax applying to a given LC inventory flow (inputs or outputs) with the 
flow quantified in the LCI. 
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11..33..44..22..33  KKeeyy  IInnddiiccaattoorrss  aabboouutt  IInntteerrnnaalliissaattiioonn  

Six key indicators have been defined to analyse the internalisation of external costs into prices. 

 
Intermediary Indicators  

Indicators quantified from  
data calculated in the study 

 Decision-Making Oriented Indicators  
Indicators derived from  
intermediary indicators  

and expressed with semi-quantitative scale  
to compare categories 

A-Indicator = % of environmental taxes 
compared to external cost  
By calculating the percentage that the 
environmental taxes represent compared to 
the external cost, it gives information on the 
current level of internalisation reached25: 
- A-indicator > or = 100%: this means that the 

environmental taxes are higher than the 
external cost and thus, that external cost 
can be considered being already totally 
internalised, 

- A-indicator < 100%: this means that only a 
part of the external cost can be considered 
being already internalised. 

 D-Indicator = current level of internalisation 
reached 
D-Indicator is directly dependant on 
A-indicator value: 
- D-Indicator = relatively high if A-Indicator > or 

= 100%, 
- D-Indicator = relatively medium for 

intermediary values of A-indicator, 
- D-Indicator = relatively low if A-Indicator << 

100%. 

B-Indicator = % of external cost not yet 
internalised compared to life cycle price 
The external cost not yet internalised is taken 
equal to: 
- 0 if 100% of external cost is already 

internalised (i.e. if A-indicator > or = 100%). 
- External cost minus environmental taxes if 

less than 100% of external cost is already 
internalised (i.e. if A-indicator < 100%; in 
that case, environmental taxes are lower 
than external cost). 

 E-Indicator = importance of externalities not 
yet internalised compared to the overall life 
cycle price 
E-Indicator is directly dependant on 
B-indicator value: 
- E-indicator = relatively high for the highest 

values of B-indicator, 
- E-indicator = relatively medium for 

intermediary values of B-indicator, 
- E-indicator = relatively low for the lowest 

values of B-indicator. 
C-Indicator = % of external cost compared 
to life cycle price 
The comparison of the orders of magnitude of 
both external cost and life cycle allows to 
check if the external cost is higher or lower 
than the life cycle price and if their difference is 
important or not. 
- C-Indicator > 100% means that external cost 

is higher than LC price, 
- C-Indicator < 100% means that external cost 

is lower than LC price. 

 F-Indicator = importance of externalities 
compared to the overall life cycle price 
F-Indicator is directly dependant on 
C-indicator value: 
- F-indicator = relatively high for the highest 

values of C-indicator, 
- F-indicator = relatively medium for 

intermediary values of C-indicator, 
- F-indicator = relatively low for the lowest 

values of C-indicator. 

 

 

. 

                                                      
25  The hypothesis being indeed that the environmental taxes are the means to internalise external cost. 
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SSiixx  KKeeyy  IInnddiiccaattoorrss  aabboouutt  EExxtteerrnnaall  CCoosstt  IInntteerrnnaalliissaattiioonn    

 

 

 

 

 

 

 

 

 

 

 
External

cost 
Environmental  

taxes  
Life cycle 

price 

A

B

External 
cost 

Life cycle
price 

External cost 
not yet internalised

% of external cost not yet 
internalised  
compared to LC price

% of  
environmental taxes 
compared to  
external cost 

C

% of  
external cost 
compared to  
LC price  

 

Current level of 
internalisation  
reached 
- relatively high 
- relatively medium 
- relatively low 

D  

Importance of 
externalities not yet 
internalised compared 
to the overall LC price 
- relatively high 
- relatively medium 
- relatively low 

E  

Importance of 
externalities compared 
to the overall LC price 
- relatively high 
- relatively medium 
- relatively low 

F 
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11..33..44..33  DDiiffffiiccuullttiieess  ooff  UUssiinngg  TTaaxx  DDaattaa  iinn  aa  SSttuuddyy  oonn  LLiiffee  CCyyccllee  AAsssseessssmmeenntt  aanndd  
UUnncceerrttaaiinnttiieess  

� Using tax data in a study on LCA presents many difficulties. Databases on taxes are not 
classified in a way directly compatible with LCA. The way implying the least difficulties was to 
classify environmental taxes by domain (taxes on energy, taxes on transport, taxes on water 
consumption, taxes on waste water, …). This classification permits to estimate the total amount of 
environmental taxes and fees related to the life cycle of a category of products, by adding the taxes 
paid at every step of the life cycle. For taxes on air pollution, or water consumption, this is quite easy 
because the units are the same as in LCA. But taxes on specific products are more difficult to connect 
with LCA data because the units are not always the same. 

� Many simplifications were made in this part of the study. Some simplifications aimed at reducing 
the volume of data. For example, taxes on cars in Denmark are differentiated according to fuel 
consumption, but this differentiation is not clearly kept in the database used. The solution we chose 
was to consider an interval, covering all the existing tax rates.  

� Another simplification concerns exemptions and subsidies. 

All countries have numerous exemptions and rebates, in particular concerning energy and fuel taxes, 
or subsidise environmentally harmful energy sources (for example, coal) and economic activities (for 
example, heating of greenhouses in the Netherlands and Sweden).  

These provisions are not easy to take into account in such a life-cycle oriented and macro-economic 
study because: 

� no database is currently available giving a general overview, and it would have needed a very long 
time to collect all the information to make such a database, 

� the products or activities to which exemptions or subsidies applied are either the final product or 
service for which the LCI is calculated or intermediary products or services consumed during the 
life of the final product or service studied. Especially the second case presents problems, when 
intermediate products or services are part of an aggregated LCI, without knowing the quantities 
involved. 

For practical reason, when applying the environmental taxes to the LC inventory flows quantified, two 
main approximations were made: 

� existing subsidies were not integrated,  

� many exemptions apply to particular products or activities and different tax rates exist for certain 
products which can not be easily taken into account when considering such a macro-economic life-
cycle oriented approach. The solution we chosed was to consider data ranges:  
- for the taxes where exemptions apply (e.g. taxes related to energy): a min value and a max 

value corresponding to the minimum and maximum taxes existing in the country, 
- where different tax rates exist: an interval covering the diversity of rates. 
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11..33..55  SSuummmmaarryy  ooff  tthhee  DDiiffffiiccuullttiieess  aanndd  UUnncceerrttaaiinnttiieess  ttoo  IImmpplleemmeenntt  tthhee  MMeetthhooddoollooggyy    

 

Origin of the uncertainties and next

Specific to the 
methodology

Pragmatical 
choices 
(limited 

resources)

Could be 
improved with 

research 
works

Market-Oriented LCI and Impact Assessment Steps
Macroeconomic 
dimension

Limited representativeness of the categories considered
The product and service categories selected were expected to cover the entire European 
economies. But due to a lack of LCI data and in order to limit double-counting, pragmatic choices 
were made. As a result, some of European economic sectors are less represented than other (e.g. 
services, food products). 

++ X X

Setting up of 
system boundaries

Some steps not taken into account
Transformation or use steps as well as production steps of some product components or 
consumables can not systematically be integrated due to a lack of LCI data. 

++ X X

Composition of the 
product or service 
categories

Heterogeneity of the studied categories and lack of LCI data
Only those sub-systems for which LCI data were available were able to be integrated. Practically, 
it means that sub-systems with no available LCI are considered having the same LCI as others, if 
possible as those presenting close life-cycle patterns.  

+++ X X

Choice of reference 
quantities

Uncertainties of existing consumption datasets   
+ X X

Choice of LCI 
datasets

Uncertainties of existing LCI datasets 
Although the availability of LCI data has improved immensely over the last years, the proliferation 
of LCI data on the information market has lead to problems with data quality, comprehensiveness, 
comparability and equal distribution of LCI data. In particular, environmental data do not exist for 
all products or services, for all life cycle stages and for all inputs or outputs contributing to 
environmental impacts.

++ X X

Choice of impact 
factors

Limitation of environmental impacts captured
Some impact categories are not or not well captured by LCA because either they are not 
compatible with the LCA methodology (noise, odour, nature conservation (biodiversity, etc.), land 
use and land disturbance, risk of nuclear accidents) or they are not always assessed in available 
LCA databases (nuclear waste, toxic emissions, ...). 

+ X X X

Uncertainties of existing impact factors databases 
Such as global warming, toxicity on human and ecosystem in particular. + X X

Attempt to 
qualify the 
uncertainty 

level

Description of the uncertaintiesStep generating 
uncertainties
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Origin of the uncertainties and next

Specific to the 
methodology

Pragmatical 
choices 
(limited 

resources)

Could be 
improved with 

research 
works

Monetarisation Step
Methodological 
incompatibiltities

Combination of potential global impacts (LCA) with actual location and source-specific 
external cost factors (monetarisation)
On one hand, the environmental impacts quantified though an LCA approach are both potential 
and global. 
On the other hand, moneratisation methods aim to address the location and source-specific nature 
of impacts associated with emissions to air, water, land. 

+++ X X

Choice of the 
external cost 
factors

Huge variation ranges between existing sources of information
In particular due to the fact that local conditions vary significantly from one study to another  +++ X X

Lack of comprehensiveness of the external costs assessed
External costs studies are more focused on air emissions than other sources of impacts, even if 
some studies address impacts generated by water emissions or waste. In particular, impacts 
specific to non renewable resources other than those linked to air emissions are not well analysed 
yet. They are not included in the study. 

+++ X X

Lack of consistency between the external costs assessed
Not necessarily the same effects monetarised in the available literature  + X X

Internalisation Step
Choice of 
environmental 
taxes

Difficulties to take into account exemptions and subsidies
Areas of application and exemptions difficult to take into account properly. Hence, the degree to 
which internalisation of impacts occurs is lijely to be over-stated.  

++ ? X X

Large scope of environmental taxes
Difficult to consider only the taxes corresponding to the environmental impacts actually 
monetarised  

+ ? X X

Step generating 
uncertainties Description of the uncertainties

Attempt to 
qualify the 
uncertainty 

level
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11..44  DDAATTAA  AANNDD  HHYYPPOOTTHHEESSEESS    

After having presented the general methodology elaborated for the specific purposes of the study, this 
section presents all the data and hypotheses used for each main part of the methodology.  

We successively look at data and hypotheses related to: 

� environmental impacts, 

� external costs, 

� Internalisation of external costs. 

 

11..44..11  EEnnvviirroonnmmeennttaall  IImmppaaccttss    

11..44..11..11  RReeffeerreennccee  QQuuaannttiittiieess  RReellaatteedd  ttoo  FFuunnccttiioonnaall  UUnniittss  

� The following table gives the reference quantity for each of the categories considered, based on 
“Consumers in Europe – Facts and figures” (Eurostat, 2001), which is the most relevant and useful 
information source in the domain of consumer policy. The aim of this publication is to present, for the 
first time, a comprehensive collection of the most important data available from different sources on 
consumption patterns, including expenditure and prices. It examines the realities of the European 
economy and the European single market from the consumer’s viewpoint. 
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FFuunnccttiioonnaall  UUnniittss  aanndd  RReeffeerreennccee  QQuuaannttiittiieess  CCoonnssiiddeerreedd    

Functional Units & Reference Quantities

Reference Quantities
Total European Union Per capita Scope

Qty Unit Qty Unit
'Final products' Classification
Food and beverages

Vegetable food products 184 Mt 491 kg UE 15, 1999
Non vegetable food products 36 Mt 97 kg UE 15, 1999
Beverages (alcohol) 1.28E+07 m3 34 l UE 15, 1999

Clothing and footwear
Textile (apparels and non domestic textiles) 5.4 Mt 14 kg UE 15, 1999
Footwear (leather) 1.6 Billions pairs of shoes 4 pairs of shoes UE 15, 1999

Housing
Building occupancy domestic sector

Space heating 6.8E+12 MJ 1.8E+04 MJ UE 15, 1999
Water heating 1.5E+12 MJ 4.0E+03 MJ UE 15, 2000

Cooking 5.2E+11 MJ 1.4E+03 MJ UE 15, 2001
Electrical appliances and lighting 1.1E+12 MJ 2.9E+03 MJ UE 15, 2002

Building occupancy commercial sector
Space heating 2.3E+12 MJ 6.1E+03 MJ UE 15, 1999
Water heating 3.9E+11 MJ 1.0E+03 MJ UE 15, 2000

Cooking 2.2E+11 MJ 5.8E+02 MJ UE 15, 2001
Electrical appliances and lighting 1.5E+12 MJ 4.0E+03 MJ UE 15, 2002

Water (supply and waste water treatment)
Drinkable water supply 2.2E+10 m3 59.2 m3 UE 15, 1999

Sewage sludge (Dry matter) 7 Mt 18.7 kg UE 15, 1999
MSW management 215.6 Mt 575 kg UE 15, 1999
Furnishing

Domestic 14.8 Mt 39 kg UE 15, 1999
Garden 0.5 Mt 1 kg UE 15, 1999

Office 2.0 Mt 5 kg UE 15, 1999
Healthcare and bodycare

Personal care products (soap and toitries) 1.9 Mt 5 kg UE 15, 2002
Baby products 2.7E+10 Diapers 71 Diapers UE 15, 1999

Communication, recreation and culture
Information technology equipment 134.6 M units 0.36 units UE 15, 1999
Graphical and sanitary paper products

Newsprint 9.8 Mt 26 kg UE 15, 1999
Woody uncoated 4.1 Mt 11 kg UE 15, 1999

Woody coated 6.2 Mt 16 kg UE 15, 1999
Uncoated woodfree 8.9 Mt 24 kg UE 15, 1999

Coated woodfree 8.7 Mt 23 kg UE 15, 1999
Case materials 18.2 Mt 48 kg UE 15, 1999

Folding boxboards 8.7 Mt 23 kg UE 15, 1999
Wrapping 2.9 Mt 8 kg UE 15, 1999

Gardening 1.24 Mt 3.3 kg UE 15, 1999

Functional Unit: Final consumption in the 
European Union per yr
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FFuunnccttiioonnaall  UUnniittss  aanndd  RReeffeerreennccee  QQuuaannttiittiieess  CCoonnssiiddeerreedd  ((ccoonnttdd..))  

Reference Quantities
Total European Union Per capita Scope

Qty Unit Qty Unit
'Transversal products' Classification
Electric and electronic products and equipment

Electric lamps and lighting 323 M units 0.86 Units UE 15, 1998
Domestic appliances 60 M units 0.16 Units UE 15, 1999
Information technlogy equipment 134.6 M units 0.36 Units UE 15, 1999

Construction work
Building structure 711 Mt 1911 kg UE 15, 1999
Civil work (roads and other infrastructures) 269 Mt 719 kg UE 15, 1999

Building occupancy (energy supply)
Electricity 4.1E+06 TJ 1.1E+01 GJ UE 15, 1999
Thermal energy - fuels 3.8E+06 TJ 1.0E+01 GJ UE 15, 1999
Thermal energy - natural gas 5.6E+08 TJ 1.5E+03 GJ UE 15, 1999
Thermal energy - coal and others 1.0E+05 TJ 2.7E-01 GJ UE 15, 1999

Packaging
Food 18.4 Mt 49 kg UE 15, 1999
Non food 39 Mt 106 kg UE 15, 1999

Textile UE 15, 1999
Apparel 2.5 Mt 6 kg UE 15, 1999
Home furnishing 1.7 Mt 4 kg UE 15, 1999
Industrial and non domestic uses 1.1 Mt 3 kg UE 15, 1999

Transport
Public transportation for passengers 
(transport services) 1.00E+06 M pkm 2 678 pkm UE 15, 1999

Personal cars 4.79E+06
14.7

M pkm
M cars

1 0073
47

pkm
kg UE 15, 1999

Freight transportation (road, rail, water, air) 2.96E+06 M tkm 7970 tkm UE 15, 1999

bn: billion; M: million; pkm: passenger x km; tkm: tonne x km

Functional Unit: Final consumption in the 
European Union per yr
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11..44..11..22  SSyysstteemm  BBoouunnddaarriieess  

� Considering the wide scope of each category under consideration and the lack of LCI data for 
certain sub-systems or life cycle stages included in these categories, pragmatic choices had to be 
made.  

Thus it is necessary to describe with transparency the sub-systems and data which were eventually 
taken into account in the studied systems. 

For that purpose, a detailed fact sheet per category was elaborated which presents all the hypotheses 
and sources of information and LCI data used (it also includes the detailed results obtained: physical 
and monetarised environmental impacts, taxes, lie cycle prices…) (see the appendix report). 

The following tables summarise most of the system boundaries. 

 

 



 

B I O  I n t e l l i g e n c e  S e r v i c e  -  O 2 F r a n c e   ___________________________________________________________________________    63. 
EXTERNAL ENVIRONMENTAL EFFECTS RELATED TO THE LIFE CYCLE OF PRODUCTS AND SERVICES 

SSyysstteemm  BBoouunnddaarriieess  

 
Life cycle steps taken into account

'Final products' Classification Main products / services included Main products / services not included 
(no LCA data available)

Components 
production from 

raw material 
extraction

Product 
production Distribution Use End of 

life

Food and beverages

Vegetable food products X X

Non vegetable food products The quantity of beef and milk consumed in 
EU Fish food products and other meats X X

Beverages Wine Other alcoholic products and Non-alcoholic 
products X X

Clothing and footwear

Textile (apparels and non domestic textiles) Cotton, wool, polyester… Fine leather goods (gloves, bags…) X X
X

(except dry 
cleaning)

X

Footwear Leather shoes, synthetic shoes and slippers Specific shoes for industrial or professional 
uses X X X

Housing

Building structure Building materials (concrete, bricks, wood, 
steel, plastics, …)

Building installation, equipments (boilers, 
sanitary equipment, …). X X X

Domestic appliances Computers, TV, telephone,  lamps, batteries Small appliances (shaves, hair dryers, …), fax, 
micro-wave owen X X X

Building occupancy Energy for space heating, hot water, domestic 
appliances, lighting Space cooling, ventilation X X X X

Water supply and waste water treatment
Water supply, distribution by pipes, waste 
water treatment, and spreading of sewage 
sludge

X X X
(pipes) X X

Municipal Solid Waste management Recycling, incineration, composting,  
landfilling Collection X X X X

Furniture Wood and non wood interior & exterior 
furniture, textiles Sanitary equipments X X X

Cleaning agents Domestic and professional detergent products Flagrances, perfumes X X X

Healthcare and bodycare
Personal care products Toiletries, soap Cosmetics, perfumes X X X
Baby products Diapers Cream, talc… X X X X

Transport
Personal cars Automotives and fuels Motorcycles, Bicycles… X X X X

Public transport (road, rail, water, air) Vehicles and fuels for road, rail, air, sea X X X 
except repair X

Communication, recreation and culture
Information technology equipment Computers, telephones, video and media 

recorder Telephone and Internet infrastructures X X X

Paper products

Graphic and sanitary paper: newsprint ,other 
graphic,  woody uncoated,  woody coated,  
uncoated woodfree,  coated woodfree, case 
materials, folding boxboards, wrapping

X X X X

Gardening (tools, fertilisers) Furniture, fertilisers and pesticides Tools, flowers, seeds… X
X

(except for 
furniture)

X X

The overall quantity of vegetable consumed in the EU are considered having an LCI 
equivalent to the average LCI of potatoes and tomatoes

In
 T

ra
ns

po
rt 

ca
te

go
ry

In
 T

ra
ns

po
rt 

ca
te

go
ry

Content of the category

Energy to 
cook in 

Domestic 
Appliances 
Category

Packaging 
in 

Packging 
category
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Content of the category Life cycle steps taken into account

'Transversal products' Classification Main products / services included Main products / services not included 
(no LCA data available)

Components 
production

Product 
production Distribution Use End of 

life

Electric and electronic products and equipment
Domestic appliances
Information technlogy equipment

Construction work
Building structure (commercial and residential)
Civil work (roads and other infrastructures) Concrete, asphalt, bitumen metallic constructions X X X

Building occupancy
Residential sector (gas, fuel, electricity, 
biomass)

Commercial sector (gas, fuel, electricity, 
biomass)

Energy for space heating, hot water, domestic 
appliances, lighting Space cooling, ventilation X X X X

Packaging
Food
Non food

Textile
Apparel

Industrial and non domestic uses

Home furnishing Textiles fibres  (polyamide, wool, cotton…) X X X
Transport

Goods transport (road, rail, water) Vehicles and fuels for road, rail, air, sea X
X

(except 
vehicles)

X 
(except 
repair)

X

In
 tr

an
sp

or
t c

at
eg

or
y

See above

XTextiles fibres (polyamide, wool, cotton…)

Packaging materials (plastics,metals, paper, 
glass…) Expanded polystyrene

See above

X

X
X

(except dry 
cleaning)

XXX

X

See above
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� In this study, life cycle inventory (LCI) of each product system was obtained by using the  “cradle to 
gate” or “gate-to-gate” LCI directly available in three LCI databases:  

� Simapro version 4.0 (2001), 

� Boustead version 4.1 (2000), 

� Wisard & Team (version 1999). 

However, these databases do not cover all the unit processes of interest. For instance, with respect to 
the textile products, no ecoprofile is available regarding both the fabric production and the clothing 
manufacturing. 

When possible in such cases, bibliographic data were derived from reference documents on Best 
Available Techniques which is available for many types of manufacturing industry (downloadable 
documents from the EU, DG Joint Research Centre, Seville – Bureau of Integrated Pollution 
Prevention and Control). However, the selected data are not always representative of the BAT; they 
correspond to an average technology in the EU. 

� Some simplifications were necessary. 

� Origin of energy and materials. 

Energy, especially electric energy is obtained from national networks. It is produced by different 
power stations, e.g. natural gas, hard coal, nuclear and hydro power. The corresponding resources 
and emissions depend on the mix of power stations, e.g. the German electricity mix is quite 
different from the French mix. For instance, the CO2 mass emission per unit of electric energy can 
differ by a 2 factor.  

In this study, the LCI of 1 kWh of electric power is based on the average electricity mix at the EU 
level (data computable from DG Transport & Energy).  

In LCI of the main materials, like plastics, steel, aluminium, paper products, etc. data are as far as 
possible representative of a EU mix of international suppliers (the main ecoprofiles are published 
by professional organisations: data from APME-PWM for plastic materials, IISI for steel, EAA for 
aluminium, etc.). 

11..44..11..44  CCllaassssiiffiiccaattiioonn  aanndd  cchhaarraacctteerriissaattiioonn  

� To assess the environmental impacts, the characterisation factors used in this study are those 
published by Centre of Environmental Science (CML, university of Leiden, NL) - Section Substances 
and Products (SSP).  

These data are not specific to the Dutch situation. They are valid whatever the geographical scope 
and context. 

They are downloadable from http://www.leidenuniv.nl/interfac/cml/lca2/ .  

� The following tables summarise the inputs and outputs contributing to the environmental impacts 
considered (details about characterisation factors are given in appendix  3). 
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NB: the term « dusts » used all along the report is taken as an equivalent to “particulate matter”  

   

Remark: when choices where made at the beginning of the study regarding data and hypotheses, characterisation factors available did not include deposition 
from air contribution to eutrophication. Any update of the study could take than phenomenon into consideration, characterisation factors being now available. 

Environmental Impacts Inputs or Outputs Concerned

Linked to resources consumption

Depletion of non renewable resources kg antimony eq.

Oil (in ground), Natural Gas (in ground), Coal (in ground), Bauxite (Al2O3, ore), Copper (Cu, in ore), Iron (Fe, in ore), 
Iron (Fe, ore), Lead (Pb, in ore), Manganese (Mn, in ore), Nickel (Ni, in ore), Phosphate Rock (in ground), Potassium 
Chloride (KCl, as K2O, in ground), Silver (Ag, in ore), Uranium (U, in ore), Uranium (U, ore), Zinc (Zn, in ore), Lignite (in 
ground), Barium Sulphate (BaSO4, in ground), Chromium (Cr, in ore), Ilmenite (FeO.TiO2, ore), Sulphur (S, in ground), 
Silver (Ag, in ore)

Linked to air emissions

Greenhouse effect (direct, 100 yrs) g CO2 eq.
Carbon Dioxide (CO2, fossil), Methane (CH4), Nitrous Oxide (N2O), CFC 11 (CFCl3), CFC 12 (CCl2F2), CFC 13 
(CF3Cl), CFC 114 (CF2ClCF2Cl), HCFC 22 (CHF2Cl), Halon 1301 (CF3Br), Carbon Tetrafluoride (CF4)

Stratospheric Ozone Depletion g CFC-11 eq. CFC 11 (CFCl3), CFC 12 (CCl2F2), CFC 114 (CF2ClCF2Cl), HCFC 22 (CHF2Cl), Halon 1301 (CF3Br)
Air acidification g SO2 eq. Sulphur Oxides (SOx as SO2), Nitrogen Oxides (NOx as NO2), Ammonia (NH3)

Photochemical oxidation g ethylene eq.

Acetaldehyde (CH3CHO), Acetic Acid (CH3COOH), Acetone (CH3COCH3), Acetylene (C2H2), Alcohol (unspecified), 
Aldehyde (unspecified), Alkane (unspecified), Alkene (unspecified), Aromatic Hydrocarbons (unspecified), Benzene 
(C6H6), Butane (n-C4H10), Butene (1-CH3CH2CHCH2), Carbon Monoxide (CO), Ethane (C2H6), Ethanol (C2H5OH), 
Ethyl Benzene (C6H5C2H5), Ethylene (C2H4), Formaldehyde (CH2O), Halogenated Hydrocarbons (unspecified), 
Heptane (C7H16), Hexane (C6H14), Hydrocarbons (except methane), Hydrocarbons (unspecified), Methane (CH4), 
Methanol (CH3OH), Nitrogen Oxides (NOx as NO2), Pentane (C5H12), Polycyclic Aromatic Hydrocarbons (PAH, 
unspecified), Propane (C3H8), Propionaldehyde (CH3CH2CHO), Sulphur Oxides (SOx as SO2), Toluene (C6H5CH3), 
VOC (Volatile Organic Compounds), Xylene (C6H4(CH3)2)

Linked to water effluents

Eutrophication g PO4 eq.
Ammonia (NH4+, NH3, as N), Phosphorus (P), COD (Chemical Oxygen Demand), Nitrogenous Matter (Kjeldahl, as N), 
Nitrate (NO3-), Nitrogenous Matter (unspecified, as N), Nitrite (NO2-), Phosphates (PO4 3-, HPO4--, H2PO4-, H3PO4, 
as P), Phosphorus Pentoxide (P2O5)
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Linked to human health and ecotoxical risk

Human Toxicity g eq. 1-4-dichlorobenzene

(a) Antimony (Sb), (a) Arsenic (As), (a) Barium (Ba), (a) Beryllium (Be), (a) Cadmium (Cd), (a) Cobalt (Co), (a) Copper (Cu), (a) Lead (Pb), 
(a) Mercury (Hg), (a) Molybdenum (Mo), (a) Nickel (Ni), (a) Selenium (Se), (a) Thallium (Tl), (a) Tin (Sn), (a) Vanadium (V), (a) Zinc (Zn), (a) 
Ammonia (NH3), (a) Hydrogen Sulphide (H2S), (a) Hydrogen Chloride (HCl), (a) Ethylene (C2H4), (a) Formaldehyde (CH2O), (a) Benzene 
(C6H6), (a) Toluene (C6H5CH3), (a) Phenol (C6H5OH), (a) Ethyl Benzene (C6H5C2H5), (w) Arsenic (As3+, As5+), (w) Barium (Ba++), (w) 
Cadmium (Cd++), (w) Chromium (Cr III), (w) Chromium (Cr VI), (w) Chromium (Cr III, Cr VI), (w) Cobalt (Co I, Co II, Co III), (w) Copper 
(Cu+, Cu++), (w) Lead (Pb++, Pb4+), (w) Mercury (Hg+, Hg++), (w) Molybdenum (Mo II, Mo III, Mo IV, Mo V, Mo VI), (w) Nickel (Ni++, 
Ni3+), (w) Selenium (Se II, Se IV, Se VI) , (w) Tin (Sn++, Sn4+), (w) Vanadium (V3+, V5+), (w) Zinc (Zn++), (w) Formaldehyde (CH2O), (w) 
Benzene (C6H6), (w) Toluene (C6H5CH3), (w) Phenol (C6H5OH), (w) Ethyl Benzene (C6H5C2H5), (w) Methylene Chloride (CH2Cl2, HC-
130), (w) chloroform (CHCl3, HC-20), (w) trichloroethane (1,1,1-CH3CCl3), (w) Trichloroethylene (CCl2CHCl), (w) tetrachloroethylene (C2Cl4
(s) Cobalt (Co), (s) Copper (Cu), (s) Lead (Pb), (s) Mercury (Hg), (s) Nickel (Ni), (s) Zinc (Zn).

Years of Life Lost year
(a) Dust, (a) Hydrocarbons (except methane), (a) Hydrocarbons (unspecified), (a) Nitrogen Oxides (NOx as NO2), (a) Particulates 
(unspecified), (a) Sulphur Oxides (SOx as SO2), (a) VOC (Volatile Organic Compounds)

Aquatic Ecotoxicity g eq. 1-4-dichlorobenzene

(a) Antimony (Sb), (a) Arsenic (As), (a) Barium (Ba), (a) Beryllium (Be), (a) Cadmium (Cd), (a) Cobalt (Co), (a) Copper (Cu), (a) Lead (Pb), 
(a) Mercury (Hg), (a) Molybdenum (Mo), (a) Nickel (Ni), (a) Selenium (Se), (a) Thallium (Tl), (a) Tin (Sn), (a) Vanadium (V), (a) Zinc (Zn), (a) 
Ethylene (C2H4), (a) Formaldehyde (CH2O), (a) Benzene (C6H6), (a) Toluene (C6H5CH3), (a) Phenol (C6H5OH), (a) Ethyl Benzene 
(C6H5C2H5), (a) Benzo(a)pyrene (C20H12), (w) Arsenic (As3+, As5+), (w) Barium (Ba++), (w) Cadmium (Cd++), (w) Chromium (Cr III), 
(w) Chromium (Cr III, Cr VI), (w) Chromium (Cr VI), (w) Cobalt (Co I, Co II, Co III), (w) Copper (Cu+, Cu++), (w) Lead (Pb++, Pb4+), (w) 
Mercury (Hg+, Hg++), (w) Molybdenum (Mo II, Mo III, Mo IV, Mo V, Mo VI), (w) Nickel (Ni++, Ni3+), (w) Selenium (Se II, Se IV, Se VI), (w) 
Tin (Sn++, Sn4+), (w) Vanadium (V3+, V5+), (w) Zinc (Zn++), (w) Formaldehyde (CH2O), (w) Benzene (C6H6), (w) Toluene (C6H5CH3), 
(w) Phenol (C6H5OH), (w) Ethyl Benzene (C6H5C2H5), (w) Methylene Chloride (CH2Cl2, HC-130), (w) Chloroform (CHCl3, HC-20), (w) 
Trichloroethane (1,1,1-CH3CCl3), (w) Trichloroethylene (CCl2CHCl), (w) Tetrachloroethylene (C2Cl4), (s) Arsenic (As), (s) Cadmium (Cd), (
(s) Nickel (Ni), (s) Zinc (Zn)

Sediment Ecotoxicity g eq. 1-4-dichlorobenzene

(a) Antimony (Sb), (a) Arsenic (As), (a) Barium (Ba), (a) Beryllium (Be), (a) Cadmium (Cd), (a) Cobalt (Co), (a) Copper (Cu), (a) Lead (Pb), 
(a) Mercury (Hg), (a) Molybdenum (Mo), (a) Nickel (Ni), (a) Selenium (Se), (a) Thallium (Tl), (a) Tin (Sn), (a) Vanadium (V), (a) Zinc (Zn), (a) 
Ethylene (C2H4), (a) Formaldehyde (CH2O), (a) Benzene (C6H6), (a) Toluene (C6H5CH3), (a) Phenol (C6H5OH), (a) Ethyl Benzene 
(C6H5C2H5), (a) Benzo(a)pyrene (C20H12), (w) Arsenic (As3+, As5+), (w) Barium (Ba++), (w) Cadmium (Cd++), (w) Chromium (Cr III), 
(w) Chromium (Cr VI), (w) Chromium (Cr III, Cr VI), (w) Cobalt (Co I, Co II, Co III), (w) Copper (Cu+, Cu++), (w) Lead (Pb++, Pb4+), (w) 
Mercury (Hg+, Hg++), (w) Molybdenum (Mo II, Mo III, Mo IV, Mo V, Mo VI), (w) Nickel (Ni++, Ni3+), (w) Selenium (Se II, Se IV, Se VI), (w) 
Tin (Sn++, Sn4+), (w) Vanadium (V3+, V5+), (w) Zinc (Zn++), (w) Formaldehyde (CH2O), (w) Benzene (C6H6), (w) Toluene (C6H5CH3), 
(w) Phenol (C6H5OH), (w) Ethyl Benzene (C6H5C2H5), (w) Methylene Chloride (CH2Cl2, HC-130), (w) Chloroform (CHCl3, HC-20), (w) 
Trichloroethane (1,1,1-CH3CCl3), (w) Trichloroethylene (CCl2CHCl), (w) Tetrachloroethylene (C2Cl4), (s) Arsenic (As), (s) Cadmium (Cd), (

Terrestrial Ecotoxicity g eq. 1-4-dichlorobenzene

(a) Antimony (Sb), (a) Arsenic (As), (a) Barium (Ba), (a) Beryllium (Be), (a) Cadmium (Cd), (a) Cobalt (Co), (a) Copper (Cu), (a) Lead (Pb), 
(a) Mercury (Hg), (a) Molybdenum (Mo), (a) Nickel (Ni), (a) Selenium (Se), (a) Thallium (Tl), (a) Tin (Sn), (a) Vanadium (V), (a) Zinc (Zn), (a) 
Ethylene (C2H4), (a) Formaldehyde (CH2O), (a) Benzene (C6H6), (a) Toluene (C6H5CH3), (a) Phenol (C6H5OH), (a) Ethyl Benzene 
(C6H5C2H5), (a) Benzo(a)pyrene (C20H12), (w) Arsenic (As3+, As5+), (w) Barium (Ba++), (w) Cadmium (Cd++), (w) Chromium (Cr III), 
(w) Chromium (Cr VI), (w) Chromium (Cr III, Cr VI), (w) Cobalt (Co I, Co II, Co III), (w) Copper (Cu+, Cu++), (w) Lead (Pb++, Pb4+), (w) 
Mercury (Hg+, Hg++), (w) Molybdenum (Mo II, Mo III, Mo IV, Mo V, Mo VI), (w) Nickel (Ni++, Ni3+), (w) Selenium (Se II, Se IV, Se VI), (w) 
Tin (Sn++, Sn4+), (w) Vanadium (V3+, V5+), (w) Zinc (Zn++), (w) Formaldehyde (CH2O), (w) Benzene (C6H6), (w) Toluene (C6H5CH3), 
(w) Phenol (C6H5OH), (w) Ethyl Benzene (C6H5C2H5), (w) Methylene Chloride (CH2Cl2, HC-130), (w) Chloroform (CHCl3, HC-20), (w) 
Trichloroethane (1,1,1-CH3CCl3), (w) Trichloroethylene (CCl2CHCl), (w) Tetrachloroethylene (C2Cl4), (s) Arsenic (As), (s) Cadmium (Cd), (
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Other Flows Inputs or Outputs Concerned

Primary energy MJ Feedstock Energy, Fuel Energy
Dusts g Dust, Particulates (unspecified)
Dioxins g Dioxins

Metals into air g

Aluminium (Al), Antimony (Sb), Cadmium (Cd), Cobalt (Co), Copper (Cu), Chromium (Cr III, Cr VI), Iron (Fe), 
Lanthanum (La), Lead (Pb), Manganese (Mn), Mercury (Hg), Metals (unspecified), Molybdenum (Mo), Nickel (Ni), 
Scandium (Sc), Thallium (Tl), Thorium (Th), Tin (Sn), Titanium (Ti), Uranium (U), Vanadium (V), Zinc (Zn), Zirconium 
(Zr)

Metals into water g

Aluminium (Al3+), Aluminium Hydroxide (Al(OH)3), Arsenic (As3+, As5+), Cadmium (Cd++), Cerium (Ce++), Chromate 
(CrO4--), Chromium (Cr III), Chromium (Cr III, Cr VI), Chromium (Cr VI), Cobalt (Co I, Co II, Co III), Copper (Cu+, 
Cu++), Iron (Fe++, Fe3+), Lead (Pb++, Pb4+), Manganese (Mn II, Mn IV, Mn VII), Mercury (Hg+, Hg++), Metals 
(unspecified), Molybdenum (Mo II, Mo III, Mo IV, Mo V, Mo VI), Nickel (Ni++, Ni3+), Rubidium (Rb+), Silver (Ag+), Tin 
(Sn++, Sn4+), Titanium (Ti3+, Ti4+), Vanadium (V3+, V5+), Zinc (Zn++)

Metals into soil g
Aluminium (Al), Cadmium (Cd), Chromium (Cr III, Cr VI), Cobalt (Co), Copper (Cu), Iron (Fe), Lead (Pb), Manganese 
(Mn), Mercury (Hg), Nickel (Ni), Zinc (Zn)

Municipal and industrial waste kg Municipal and industrial waste
Hazardous waste kg Hazardous waste
Inert waste kg Inert waste
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11..44..22..11  BBrriieeff  OOvveerrvviieeww  ooff  LLiitteerraattuurree  SSeelleecctteedd  ffoorr  tthhiiss  SSttuuddyy    

� In accordance with the objectives of the study and its limited resources, the external cost factors 
used in this study are based on data extracted from literature. Available external cost factors 
compatible with such a LCA-based study were selected in priority. For some impacts (e.g. for 
acidification potential), it was necessary to build new estimates, by adapting existing monetary values 
to LCA outputs. The way to obtain them is explained in detail in appendix  4. 

A large literature exists about the monetarisation of environmental impacts (see Appendix  5 § 5.4), 
especially for air emissions. It was decided to make a selection of studies, selected among others 
according to several criteria:  

� the methodology used in the study and the assumptions made,  

� the degree of compatibility of the results with LCA,  

� the date when the study was carried out (recent studies were preferred),  

� its context (official contexts; for example, studies for the European Commission were preferred),  

� and its scale (studies concerning the European context were preferred). 

Next to this, we focused our attention on studies using the impact pathway approach. This has been 
largely used for conventional air emissions and is therefore generally accepted for this area of 
externalities. However, it has not been used for water emissions, mainly due to the lack of scientific 
knowledge, but also due to the site-specific character of the emissions and impacts. For each result 
used in this study, the method applied by the authors is presented, with its assumptions and 
uncertainties.  

Remark: In an intermediate experts workshop in June 2002, we proposed a set of data extracted from 
a large number of studies. The main idea of this approach was to include an extensive overview of 
different studies that come to very varying results for the same environmental impacts (due to different 
methodologies applied and to different settings and hypotheses in which the studies were carried out. 
The idea of this approach was to show to policy makers that financial impacts of external effects can 
be of great importance and variety. In this case, results from monetarisation essentially have a didactic 
meaning for policy makers. 

However, at the outcome of the experts workshop and following the advice given and the choices 
made by the project leaders from the European Commission, it was concluded to focus the choice of 
data developed in the framework of European Commission financed studies, especially resulting from 
the ExternE project. The reason was that these studies are based on methodologies largely accepted 
in the community working in the domain of monetarisation. 

� The values proposed are thus deduced, directly or indirectly, from three main studies: 

� ExternE  

A project to evaluate the externalities of energy, sponsored by the European Commission between 
1995 and 1998 and carried out in all countries of the European Union. The evaluation of 
externalities is based on a common methodology, the impact pathway method. A specific European 
model was developed for this project (ECOSENSE: model for the dispersion of pollutants). Each 
country estimated the impacts of pollutants emitted by energy production based on this model. 
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� Spadaro & Rabl (1999) 

A study that proposed simple impact indices for LCA, based on the impact pathway method. 
Results are given for the principal air pollutants. The authors had previously worked on the French 
national implementation of the ExternE program. 

� RDC-Environment & Pira International (2001) 

A study for the European Commission that aimed at evaluating the achievement of reuse and 
recycling targets for different packaging materials. For that, economic valuations of environmental 
impacts were derived, based as far as possible on the impact pathway method. 

These studies are briefly presented in appendix  4. 

11..44..22..22  EExxtteerrnnaall  CCoosstt  FFaaccttoorrss  CCoonnssiiddeerreedd  iinn  tthhiiss  SSttuuddyy    

� They covered the impacts on the environment and on human health generated by:  

� air emissions, 

� water emissions (only partially for eutrophicant emissions, but other emissions into water are not 
taken into account)  

� solid waste. 

As far as the non renewable resources depletion impact is concerned, it seemed, from the review of 
the available literature (in particular the ExternE study for that specific issue), that the impacts 
monetarised for air emissions are also integrated in the monetarisation of non renewable resources 
use (e.g. the monetarisation of non renewable resources consumption takes into account the air 
emissions released during their use). In order to prevent double counting of impacts, it was decided 
not to take into account external cost factors for resources existing in available literature.  

� Remark: it is not easy to assess the level of underestimation of the overall external cost due to this 
decision. Impacts specific to non renewable resources other than those linked to air emissions (e.g. 
resource depletion, damage on landscapes, …) are indeed not included in this study. However, 
without pretending covering the entire issue, it should be noted that the scarcity of non renewable 
materials, which constitutes one of the major source of external costs, is more or less integrated in the 
selling prices of the products.  

� As for air emissions, data from literature are not ready for use in an LCA context. 

As described in section  1.3.3.1, external cost factors have to be selected for each substance 
corresponding to the unit in which an environmental impact is expressed (SO2 for air acidification, CO2 
for greenhouse effect…).  

Among the environmental impacts, two types are to be distinguished according to available external 
cost factors: 

� those for which an external cost factor is available for the substance in which the impact is 
expressed (e.g CO2 for greenhouse effect), 

� those for which no external cost factor is available for the substance in which the impact is 
expressed (e.g ethylene for photo-oxidation). 

For the latest, an external cost factor was derived from data existing for another substance 
contributing to the same impact. For instance, the external cost factor for ethylene was derived from 
the one for NOx contributing to photo-oxidation. 
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� The following table sums up the cost factors considered in the study. Appendix  5 describes, for 
each of them, how these values were selected or built. 

 

EExxtteerrnnaall  CCoosstt  FFaaccttoorrss  CCoonnssiiddeerreedd  ttoo  MMoonneettaarriissee  EEnnvviirroonnmmeennttaall  IImmppaaccttss    

Data sources (1) ExternE 
(2) RDC-Environment & Pira Internl (2001)
(3) Spadaro & Rabl (1999) 
(4) CML 2002
(5) Goedkoop & al. (1999 - Ecoindicator 99)
(6) COWI (2000)
(7) J.V. Spadaro & Ari Rabl, Int J.LCA 4 (4) 229-243 (1999).

AIR EMISSION IMPACTS
Cost factors 

(Euros/g) Impact factors

Min Max Data source Value
Data 

source
a b

Stratospheric Ozone Depletion (g CFC11 eq.) 0.00068 0.00068 (2) & (3)

Air Acidification (g SO2 eq.) 0.00009 0.00438 aSO2/bSO2

(a) Sulphur Oxides (SOx as SO2) 0.00011 0.00525 (2) & (3) 1.2 (4)

Greenhouse effect (direct, 100 years) (g CO2 eq.) 0.000019 0.000048 (1)

Photochemical oxidation (g ethylene eq.) 0.0007 0.0009 (1) & (7)
(a) Nitrogen Oxides (NOx as NO2) 0.0008 0.0031 (1) & (3) 0.028 (4)

Human Toxicity (g 1-4-dichlorobenzene eq.)
(a) Cadmium (Cd) 0.021 0.021 (3)
(a) Chromium (Cr III, Cr VI) 0.140 0.140 (3)
(a) Nickel (Ni) 0.003 0.003 (3)
(a) Arsenic (As) 0.171 0.171 (3)

Human health effects caused by dusts (g) 0.0014 0.0593 (1)

Human health effects caused by dioxins (g) 12950 27750 (1)

WATER EMISSION IMPACTS
Cost factors 

(Euros/g) Impact factors

Min Max Data source Value
Data 

source
a b

Eutrophication (g eq. P04) 0.0015 0.0015 aPO4/bPO4

(w) Phosphorus (P) 0.0047 0.0047 (1) 3.06 (4)

SOLID WASTE IMPACTS
Cost factors 
(Euros/kg)

Min Max Data source

Disaminity caused by incineration (kg of waste) 0.004 0.014 (6)

Disaminity caused by landfilling (kg of waste) 0.006 0.019 (6)  
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The following table presents the effects that are monetarised for each environmental impact 
considered in the study. 

 

EEffffeecctt  ((oorr  EEnnddppooiinntt  IImmppaacctt))  MMoonneettaarriisseedd  ffoorr  eeaacchh  ((SSttaarrttppooiinntt))  EEnnvviirroonnmmeennttaall  IImmppaacctt  

 Effects Monetarised 

 Human health 

 
Mortality 

Morbidity 
(chronic 
disease) 

Morbidity 
(acute 

disease) 

Ecosystems
Material & 
building 

Disamenity
26 

Forests & 
crops 

Greenhouse effect ���� ���� ����  ���� 

Stratospheric ozone 
depletion 

   ����    

Air acidification    ���� ����  ���� 

Photochemical oxidation    ����    

Dusts ���� ���� ����  ���� 

Dioxins ����     

Eutrophication    ����
27    

Incineration      ����  

Landfilling      ����  

Human toxicity 
related to carcinogen 
metals 

����     

 

 

                                                      
26  Local nuisance impacts including odour, noise, dust, litter…. 
27  Abatement costs at sewage or industrial plants to reduce emissions contributing to eutrophication 
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11..44..33  EExxtteerrnnaall  CCoossttss  IInntteerrnnaalliisseedd  

11..44..33..11  BBrriieeff  OOvveerrvviieeww  ooff  EEnnvviirroonnmmeennttaall  TTaaxxeess  iinn  tthhee  EEuurrooppeeaann  UUnniioonn  

The OECD defines a tax as a compulsory, unrequited payment to general government. Taxes are 
unrequited in the sense that benefits provided by governments to taxpayers are not normally in 
proportion to their payments. The term “environmentally related taxes” (sometimes also called “green 
taxes”) is used by the OECD to describe any tax levied on tax-bases deemed to be of particular 
environmental relevance (Barde & al., 2002). 

In Europe, environmental taxes represent about 7% of total taxes. 90% of their benefits come from 
energy and transport sectors. 

The following table gives an overview of environmental taxes in the European Union in 2000.  

OOvveerrvviieeww  ooff  EEnnvviirroonnmmeennttaall  TTaaxxeess  iinn  tthhee  EEuurrooppeeaann  UUnniioonn  iinn  22000000  

Instruments  A B DK FI FR GE GR IR IT L NL P E S UK
NOx charges     X    X    X X  
agricultural inputs 
pesticides  X X X          X  
fertilisers X  X X       X   X  
other goods – ecotaxes 
batteries TBS X X   TBS   X     X  
plastic carrier bags   X      X       
disposable containers DRS X X X       DRS   X  
tyres   X X          X  
CFCs and/or halons   X             
disposable cameras  X              
lubricant oil charge   X X     X    X X  
oil pollution charge    X X           
others DRS X X  X    X  X  X X  
waste 
user charge X X X X X X X X X X X X X X X 
waste tax (landfill) X X X X X X   X  X   X X 
hazardous waste tax  X X X X X          
others   X X X      X     
water 
user charge X X X X X X X X X X X X X X X 
water (abstraction) tax   X             
waste water tax  X X X X X  X X X X  X X X 
others  X X X X X   X  X  X  X 
aggregates tax  X X           X X 
air transport 
noise charge/others  X X  X X  X X  X X  X X 

X: Economic instrument such as tax or charge  Source: ECOTEC (2001) 
DRS:  Deposit refund scheme 
TBS:  Take back scheme 
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Another interesting table has been proposed by the EEA, illustrating the environmental effects of 
environmental taxes in the European Union. It helps to underline the effects of internalisation of 
external costs. 

EEnnvviirroonnmmeennttaall  EEffffeeccttss  ooff  GGrreeeenn  TTaaxxeess  

Tax on Where? Efficiency 
Motor fuels All European countries Positive effect on vehicles consumption (eg 

GB). Substitution observed in case of 
differentiated taxation. 

Other energy use Many European countries Improvement of energy efficiency and 
substitution of fuels in countries with the higher 
tax rates (Denmark, Finland, Sweden) 

Vehicles sales 
registration 

Many European countries Tendency in decreasing in vehicle sales. More 
effect when differentiated taxation. 

Motor vehicles 
property 

Many European countries More effect when differentiated taxation. 

Motor vehicles use Many European countries Efficiency not yet proved. 
Industrial emissions to 
air and water 

Many European countries Positive effect, better when benefits are 
changed in environmental investments. 

Agricultural inputs Belgium, Denmark, Norway, 
Sweden 

Direct effect limited. 

Packaging Norway, Poland, Belgium, 
Estonia, Denmark… 

Positive effect in Estonia of deposit system. 

Chemical substances Denmark, Switzerland, 
Island, Hungary… 

In Denmark, contributed to reduce use of CFC.

Batteries Sweden, Hungary, 
Denmark… 

Serves essentially as instrument to stimulate 
used batteries recovery. 

Tyres Denmark, Hungary… Benefits are used to finance used tyres 
treatment. 

Water resources Many European countries A decrease in industrial use of groundwater 
has been noticed in the Netherlands after 
introducing this tax. 

Waste Denmark, Finland, Great-
Britain, Italy, Norway… 

Efficient for tax on waste, for reducing waste, 
passing from landfill to incineration or 
recycling. 

Source: European Environment Agency 

11..44..33..22  IInnttrroodduuccttiioonn  ttoo  EEnnvviirroonnmmeennttaall  TTaaxxeess  iinn  tthhee  TThhrreeee  CCoouunnttrriieess  SSeelleecctteedd  iinn  
tthhiiss  SSttuuddyy  

In order to simplify the study, three countries were chosen to be analysed according to their 
environmental taxes: Denmark, representing a high level of environmental taxation, France, 
representing a medium level of environmental taxation, and Poland, representing one of the future 
member countries. 

Most of the data used in this study come from two main sources: 

� The database built by the OECD (available on http://www.oecd.org/EN/document/0,,EN-document-
471-14-no-1-3016-471,00.html). However, it does not accurately represent the current and most 
recent situation, as taxes change rapidly, especially in this domain.   

� The Eco-tax Database, elaborated by Stefan Speck for of Forum of the Future in 2001/2002. This 
database was used for France and Denmark, with the taxes for 2000.  
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In addition, for France, the picture was completed by another available database, established in 2001 
by the ‘Centre d’Information pour les Entreprises et Partenaires’ (CIEPE), information centre for firms 
and partners. For some taxes, other databases were available that seemed more relevant, and we 
used them, e.g. for taxes on energy products (provided by the European Environmental Agency). 

11..44..33..22..11    DDeennmmaarrkk  

Denmark is a country with a high level of environmental taxes. The oldest ones are taxes on petrol 
that have been existing since 1917, and taxes on energy since 1977. Between 1985 and 1992, taxes 
on lead in petrol, waste, packaging, CFC and resources (gravel) were settled within the framework of 
an environmental tax reform. Between 1992 and 2001, new taxes on waste, PVC, packaging, piped 
water, pesticides, organic solvents, HFC, PFC and SF6 were adopted. This tax system has a 
substantial environmental effect (all emissions decreased), although numerous exemptions and 
complicated structure might reduce effectiveness. 

11..44..33..22..22  FFrraannccee  

France is a country with a medium level of environmental taxes compared to the European average. A 
general tax on polluting activities (TGAP) has been implemented recently. The first text preparing it, in 
1997, was based on a set of five existing ecotaxes (treatment and storage of special industrial waste, 
air pollution, oils, noise nuisances, domestic waste). TGAP was extended to new areas in 2000 
(detergents, gravel, pesticides, industrial classified facilities, …). 

11..44..33..22..33  PPoollaanndd  

Poland is a country with a relatively low level of environmental taxes. A complete system of fees on air 
pollution has been implemented, with a relatively high level. In January 2002, environmental taxes on 
water extraction, waste, gas, dust emissions and waste disposal, were increased. However, there has 
been no substantial environmental tax reform. It is currently not part of the public debate, nor a 
political party project. 

11..44..33..33  EEnnvviirroonnmmeennttaall  TTaaxxeess  CCoonnssiiddeerreedd  iinn  tthhiiss  SSttuuddyy  

The environmental taxes used in the study are summarised hereafter and related to each concerned 
flow inventoried in LCIs. 

As described in  § 1.3.4, two main types of difficulties had to be dealt with: 
� several exemptions or subsidies exist which apply to intermediary products or services consumed 

during the life of the final product or service studied, 
� different tax rates exist for a given product, e.g. cars according to fuel consumption.  

The solution we chose was to consider data ranges: 
� for the taxes where exemptions apply (e.g. taxes related to energy): a min value 0 (as if the 

exemption were total) and a max value corresponding to the maximum tax existing in the 
country, 

� where different tax rates exist: an interval covering the diversity of rates. 

A detailed presentation of how the environmental taxes used in the study were derived from literature 
data and existing database is included in appendix  6.  

A quantification of total environmental taxes and their split between the different components (energy, 
water…) is presented in the Results chapter (§ 2.1.4.2). It shows that taxes related to energy and water 
effluents are the most important. 
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EEnnvviirroonnmmeennttaall  TTaaxxeess  CCoonnssiiddeerreedd  ffoorr  tthhee  33  CCoouunnttrriieess  

   Denmark  France Poland  
   Min Max Min Max Min Max 

Flow Units             
(r) Gravel (unspecified) Euros/kg 1,12E-03 1,12E-03 9,00E-05 9,00E-05     
Water Used (total) Euros/litre 1,14E-03 1,14E-03 9,00E-05 5,20E-04 1,70E-05 1,87E-04
(a) Aromatic Hydrocarbons 
(unspecified) Euros/g     3,81E-05 3,81E-05     
(a) Arsenic (As) Euros/g         6,95E-02 6,95E-02
(a) Benzene (C6H6) Euros/g         1,59E-03 1,59E-03
(a) Cadmium (Cd) Euros/g         3,47E-02 3,47E-02
(a) Carbon Dioxide (CO2, fossil) Euros/g 6,70E-06 1,34E-05     5,00E-08 5,00E-08
(a) Carbon Monoxide (CO) Euros/g         2,73E-05 2,73E-05
(a) CFC 11 (CFCl3) Euros/g 4,00E-03 4,00E-03         
(a) CFC 114 (CF2ClCF2Cl) Euros/g 4,00E-03 4,00E-03         
(a) CFC 12 (CCl2F2) Euros/g 4,00E-03 4,00E-03         
(a) CFC 13 (CF3Cl) Euros/g 4,00E-03 4,00E-03         
(a) Chromium (Cr III, Cr VI) Euros/g         9,93E-03 9,93E-03
(a) Cobalt (Co) Euros/g         9,93E-03 9,93E-03
(a) Dioxins (unspecified) Euros/g         6,95E-02 6,95E-02
(a) Halon 1301 (CF3Br) Euros/g 4,00E-03 4,00E-03     3,47E-05 3,47E-05
(a) HCFC 22 (CHF2Cl) Euros/g 4,00E-03 4,00E-03         
(a) Hydrocarbons (except 
methane) Euros/g     3,81E-05 3,81E-05 2,73E-05 2,73E-05
(a) Hydrocarbons (unspecified) Euros/g     3,81E-05 3,81E-05 2,73E-05 2,73E-05
(a) Hydrogen Chloride (HCl) Euros/g     0,00002740,0000274     
(a) Lead (Pb) Euros/g         7,90E-06 7,90E-06
(a) Magnesium (Mg) Euros/g         4,00E-06 4,00E-06
(a) Mercury (Hg) Euros/g         3,47E-05 3,47E-05
(a) Methane (CH4) Euros/g         1,00E-10 1,00E-10
(a) Molybdenum (Mo) Euros/g         2,30E-06 2,30E-06
(a) Nickel (Ni) Euros/g         6,95E-02 6,95E-02
(a) Nitrogen Oxides (NOx as NO2) Euros/g     0,0000381 4,57E-05 9,81E-05 9,81E-05
(a) Sulphur Oxides (SOx as SO2) Euros/g 1,34E-03 1,34E-03 0,00002740,0000274 1,00E-07 1,00E-07
(a) Tin (Sn) Euros/g         1,00E-06 1,00E-06
(a) VOC (Volatile Organic 
Compounds) Euros/g     3,81E-05 3,81E-05     
(a) Zinc (Zn) Euros/g         1,04E-03 1,04E-03
(w) Ammonia (NH4+, NH3, as N) Euros/g 2,68E-03 2,68E-03 5,13E-02 5,13E-02 0,00E+00 0,00E+00
(w) Arsenic (As3+, As5+) Euros/g 0,00E+00 0,00E+00 1,52E+00 1,52E+00 1,12E-02 1,12E-02
(w) BOD5 (Biochemical Oxygen 
Demand) Euros/g 0 0 0,0187 0,0187 0,00022 0,00222 
(w) Cadmium (Cd++) Euros/g 0,00E+00 0,00E+00 7,60E+00 7,60E+00 1,12E-02 1,12E-02
(w) Chlorides (Cl-) Euros/g         3,00E-05 3,00E-05
(w) Chromium (Cr III) Euros/g 0,00E+00 0,00E+00 1,52E-01 1,52E-01 1,12E-02 1,12E-02
(w) Chromium (Cr III, Cr VI) Euros/g 0,00E+00 0,00E+00 1,52E-01 1,52E-01 1,12E-02 1,12E-02
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EEnnvviirroonnmmeennttaall  TTaaxxeess  CCoonnssiiddeerreedd  ffoorr  tthhee  33  CCoouunnttrriieess  ((CCoonnttdd..))  

   Denmark  France Poland  
   Min Max Min Max Min Max 

Flow Units             
(w) Chromium (Cr VI) Euros/g 0,00E+00 0,00E+00 1,52E-01 1,52E-01 1,12E-02 1,12E-02
(w) COD (Chemical Oxygen 
Demand) Euros/g 0 0 0,0374 0,0374 0,0001 0,0016 
(w) Dissolved Organic Carbon 
(DOC) Euros/g 1,47E-03 1,47E-03 0,00E+00 0,00E+00 0,00E+00 0,00E+00
(w) Lead (Pb++, Pb4+) Euros/g 0,00E+00 0,00E+00 1,52E+00 1,52E+00 1,12E-02 1,12E-02
(w) Mercury (Hg+, Hg++) Euros/g 0,00E+00 0,00E+00 7,60E+00 7,60E+00 1,12E-02 1,12E-02
(w) Nickel (Ni++, Ni3+) Euros/g 0,00E+00 0,00E+00 7,60E-01 7,60E-01 1,12E-02 1,12E-02
(w) Nitrate (NO3-) Euros/g 2,68E-03 2,68E-03 5,13E-02 5,13E-02 0,00E+00 0,00E+00
(w) Nitrite (NO2-) Euros/g 2,68E-03 2,68E-03 5,13E-02 5,13E-02 0,00E+00 0,00E+00
(w) Nitrogenous Matter (Kjeldahl, 
as N) Euros/g 2,68E-03 2,68E-03 5,13E-02 5,13E-02 0,00E+00 0,00E+00
(w) Nitrogenous Matter 
(unspecified, as N) Euros/g 2,68E-03 2,68E-03 5,13E-02 5,13E-02 0,00E+00 0,00E+00
(w) Organic Dissolved Matter 
(chlorinated) Euros/g 1,47E-03 1,47E-03 0,00E+00 0,00E+00 0,00E+00 0,00E+00
(w) Organic Dissolved Matter 
(unspecified) Euros/g 1,47E-03 1,47E-03 0,00E+00 0,00E+00 0,00E+00 0,00E+00
(w) Organic Matter (unspecified) Euros/g 1,47E-03 1,47E-03 0,00E+00 0,00E+00 0,00E+00 0,00E+00
(w) Phenol (C6H5OH) Euros/g         4,17E-03 4,17E-03
(w) Phosphates (PO4 3-, HPO4--, 
H2PO4-, H3PO4, as P) Euros/g 1,47E-02 1,47E-02 1,96E-01 1,96E-01 0,00E+00 0,00E+00
(w) Phosphorus (P) Euros/g 1,47E-02 1,47E-02 1,96E-01 1,96E-01 0,00E+00 0,00E+00
(w) Phosphorus Pentoxide (P2O5) Euros/g 6,30E-03 6,30E-03 8,38E-02 8,38E-02 0,00E+00 0,00E+00
(w) Sulphate (SO4--) Euros/g         3,00E-05 3,00E-05
(w) Water (unspecified) Euros/litre 0,00157 0,00157 0,00124 0,00124 0 0 
(w) Water: Chemically Polluted Euros/litre 0,00157 0,00157 0,00124 0,00124 0 0 
(w) Zinc (Zn++) Euros/g 0,00E+00 0,00E+00 1,52E-01 1,52E-01 1,12E-02 1,12E-02
Waste (hazardous) Euros/kg 0,335 0,335 9,10E-03 1,82E-02     
Waste (incineration) Euros/kg 6,40E-02 8,40E-02 0,00E+00 0,00E+00     
Waste (municipal and industrial) Euros/kg 7,00E-02 8,30E-02 1,52E-02 2,13E-02     
Waste (unspecified) Euros/kg 7,00E-02 8,30E-02 1,52E-02 2,13E-02     
Waste (unspecified, to incineration) Euros/kg 6,40E-02 8,40E-02 0,00E+00 0,00E+00     
Waste: Non Mineral (inert) Euros/kg 7,00E-02 8,30E-02 1,52E-02 2,13E-02     
Waste: Non Toxic Chemicals 
(unspecified) Euros/kg 7,00E-02 8,30E-02 1,52E-02 2,13E-02     
Waste: Slags and Ash 
(unspecified) Euros/kg 0,335 0,335 0,0091 0,0182     
Waste landfilled Euros/kg 7,00E-02 8,30E-02 1,52E-02 2,13E-02     
Waste incinerated Euros/kg 6,40E-02 8,40E-02         
Waste collection Euros/kg 0,23 0,23 0,165 0,165   
Primary energy Euros/MJ 1.39E-03 1.95E-02 6.3E-04 2.03E-02 1.1E-03  1.38E-02 
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11..44..33..44  LLiiffee  CCyyccllee  PPrriicceess  CCoonnssiiddeerreedd  iinn  tthhiiss  SSttuuddyy  

� As indicated in section  1.3.4.2.1, a top-down methodology was used to assess the life cycle prices, 
based on the average European households’ expenditures. 

For that purpose, the “Consumers in Europe – Facts and figures” database published by Eurostat in 
2001 was used. As already indicated in § 1.2.2, it is the most relevant and useful information source in 
the domain of consumer policy. The aim of this publication is to present, for the first time, a 
comprehensive collection of the most important data available from different sources on consumption 
patterns, including expenditures and prices. It examines the realities of the European economy and 
the European single market from the consumer’s viewpoint. 

Some work (aggregation and split up) was made to allow the Eurostat data to fit with the categories 
classification elaborated in this study.  

These data cover on the one hand goods and services associated to them (e.g. housing and repair, 
clothing and dry cleaning…) and on the other hand some services (water supply for instance). 

LLiiffee  CCyyccllee  PPrriicceess  CCoonnssiiddeerreedd  
((%%  ooff  tthhee  oovveerraallll  lliiffee  ccyyccllee  pprriiccee  oobbttaaiinneedd  wwhheenn  aaddddiinngg  aallll  tthhee  ccaatteeggoorriieess  ssttuuddiieedd))    
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Air (transport)
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Electricty, gas, others fuels

Clothing

Motor car

Rentals for housing - Maintenance, repair of the dwelling
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22  PPAARRTT  22  --  RREESSUULLTTSS  

22..11  RREESSUULLTTSS  OOBBTTAAIINNEEDD::  PPHHYYSSIICCAALL  AANNDD  MMOONNEETTAARRIISSEEDD  EENNVVIIRROONNMMEENNTTAALL  
IIMMPPAACCTTSS  OOFF  PPRROODDUUCCTT  OORR  SSEERRVVIICCEE  CCAATTEEGGOORRIIEESS  CCOONNSSUUMMEEDD  IINN  TTHHEE  EEUU    

Given the huge amount of figures produced in this four-dimension study covering (environmental 
impacts, external costs, life cycles, and the entire EU economy), the presentation of the results 
focused on key indicators: 

� indicators related to environmental impacts, 

� indicators related to external costs, 

� Indicators related to the internalisation of external costs: A - External costs vs. Life cycle prices,   
B - % of external costs internalised, C - % of life cycle prices corresponding to internalised external 
costs. 

22..11..11  RReessuullttss  RReelliiaabbiilliittyy    

In this section, we successively deal with the two types of indicators used to assess the 
representativeness of the study results, as mentioned in section  1.2.2: 

� “economic representativeness”: this indicator aims at assessing the representiveness of the 
selected categories compared to the whole economy that is supposed to be covered. It is thus 
assessed through economic data related to the consumers’ expenditures. 

� “environmental representativeness”: the objective is to assess the representativeness of the 
environmental impacts quantified compared to the total impacts generated at the European level. 

An attempt to assess the double-counting linked to the use of the two category classifications is also 
made. 

22..11..11..11  ““EEccoonnoommiicc  RReepprreesseennttaattiivveenneessss””  ooff  tthhee  RReessuullttss  

The “economic representativeness” of the results is quite good (see section  1.2.2 for details). 

  ““EEccoonnoommiicc  RReepprreesseennttaattiivveenneessss””  ooff  tthhee  RReessuullttss  

Type of consumers Level of “economic representativeness” 

Individuals Good  
between 60 and 75%,  

depending on what level is considered for services  
which are partially studied 

Enterprises  
Government  
Non-profit institutions serving 
households  

 
Medium 

not possible to quantify easily 
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22..11..11..22  ““EEnnvviirroonnmmeennttaall  RReepprreesseennttaattiivveenneessss””  ooff  tthhee  RReessuullttss  

An attempt to assess the “environmental representativeness” of the results is proposed by comparing: 

� the sum of the environmental impacts assessed in this study for each category analysed, 

� and the macro-economic data available in public databases for the same impacts, derived from key 
global data. 

As shown in the following table, the “environmental representativeness” of the results is also good. 

 

  ““EEnnvviirroonnmmeennttaall  RReepprreesseennttaattiivveenneessss””  ooff  tthhee  RReessuullttss  

Remark: to assess the “environmental representativeness” more precisely, one should subtract 
double-counting as estimated next page: double-counting is indeed likely to reach between 10% and 
20% for most of the environmental impacts quantified and other environmental indicators. If double-
counting were subtracted from the results obtained in the study (first column of figures, a), the 
“environmental representativeness” will drop from 10 to 15 points (and reached, for instance for 
primary energy, between 82-87% instead of 97%). The “environmental representativeness” is still 
quite good. 

 

 

Environmental impacts Results obtained in the 
study 

Data from Annual 
European Community 

Emission Inventory

Per capita per year Total of all the categories studied 
– see §5.1.3

Source: Environmental European 
Agency, 2002

a b a/b

1,6E+05 1,7E+05 97%

Good

5,3E+01 6,8E+01 77%

Good

8,9E+06 1,1E+07 82%

Good

4,7E+04 5,5E+04 86%

Good

Air acidification (kg SO2 
eq.)

“Environmental 
Representativeness” of 

the results

Primary energy 
consumed (MJ)

Depletion of non 
renewable resources 
(kg antimony eq.)

Greenhouse effect (kg 
CO2 eq.)



B I O  I n t e l l i g e n c e  S e r v i c e  -  O 2 F r a n c e       . 
EXTERNAL ENVIRONMENTAL EFFECTS RELATED TO THE LIFE CYCLE OF PRODUCTS AND SERVICES 

81

22..11..11..33  DDoouubbllee--CCoouunnttiinngg    

� Double-counting can not be avoided considering the objectives of the study: to cover the entire 
economy with a life-cycle approach. Many intermediary products and services are then included in 
several categories under consideration.  

This does not constitute a weakness of the study given that the purpose of the study is to compare 
categories (even if they have sub-systems in common) in order to help establishing a prioritisation in 
the scope of the IPP policy. 

However, it is useful to have an order of magnitude of double-counting in order to be able to judge if 
the environmental impacts of the categories altogether are far from the actual impacts of the entire 
economy. 

� Double-counting appear to reach between 10% and 20% for most of the environmental impacts 
quantified and other environmental indicators (calculations are not detailed in this report). 

Six main categories introduce double-counting in the results calculated for the whole EU as the sum of 
all the categories. 

 
Where is it double-counted  

What is double-counted “Final products” Classification “Transversal products” 
classification 

Electricity consumption during 
the use of domestic appliances  

Family “Building occupancy” / 
Category “Domestic appliances” 

Sector “Electrical and electronic 
products and equipment” / 
Products “Domestic appliances” 

Electricity consumption during 
the use of IT equipment 

Family “Building occupancy” / 
Category “Domestic appliances”  

Sector “Electrical and electronic 
products and equipment” / 
Products “IT Equipment” 

Electricity consumption during 
the use of washing machines 

Family “Building occupancy” / 
Category “Domestic appliances” 

Family “clothing & footwear” / 
Category “Textile products” 

 

Detergent consumption during 
the washing of apparel textiles 

Family “clothing & footwear” / 
Category “Textile products” 

Family “Cleaning agents” / 
Category “Textile cleaning 
agents” 

Detergent consumption during 
the washing of industrial textiles 

Family “clothing & footwear” / 
Category “Textile products” 

Family “Cleaning agents” / 
Category “Textile cleaning 
agents” 

Part of goods transport (those 
which may be included in 
upstream LCI of consumables – 
hypothesis : 20% of the whole 
“Goods transport” category) 
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22..11..22  EEnnvviirroonnmmeennttaall  IImmppaaccttss  GGeenneerraatteedd  iinn  tthhee  EEUU  

22..11..22..11  TToottaall  ooff  aallll  tthhee  CCaatteeggoorriieess  &&  LLCC  SSttaaggeess  CCoonnttrriibbuuttiioonn  

EEnnvviirroonnmmeennttaall  IImmppaaccttss  GGeenneerraatteedd  aatt  tthhee  EEUU  lleevveell    
TToottaall  ffoorr  aallll  ccaatteeggoorriieess  &&  LLCC  SSttaaggeess  CCoonnttrriibbuuttiioonn  

This table summarising the results obtained when adding all the categories analysed shows that: 

� environmental impacts linked to resources consumption and air emissions are mostly 
generated during the use stage, 

� eutrophication is mainly linked to the production stage, 

� and human toxicity, ecotoxicity risks and solid waste are split between use stage and end of 
life stages. 

Remark1: the term « dusts » used all along the report is taken as an equivalent to “particulate matter”.  

Remark2: as detailed next page, the reason why the major contributing stage is not the same for the 
two human health indicators considered (use stage for “years of life lost” and end of life stage for 
“human toxicity”) has to do with the fact that they do not cover the same impacts (human toxicity is an 
indicator representative of the intrinsic toxicity of released substances, independently of the actual 
exposition of humans to these substances): 
•  the “human toxicity” indicator reflects the intrinsic toxicity of released substances and is directly 

impacted mainly by the emissions of organic micro-pollutants (AOX…), heavy metals… into air, soil 
and water; 

•  the “years of life lost” indicator reflects a risk of premature death and is directly impacted mainly by 
the air emissions of dusts, NOx, SOx, VOC.  

Total Production stage Use stage End of life stage

A/ Environmental Impacts
Values Values % Values % Values %

Linked to resources consumption
Depletion of non renewable resources kg antimony eq. 52 9,0 17% 42,9 83% 0,0 0%
Linked to air emissions
Greenhous e effect (direct, 100 yrs) g CO2 eq. 8 736 520 1 656 095 19% 6 573 436 75% 506 989 6%
Stratospheric Ozone Depletion g CFC-11 eq. 3 0,6 21% 2,3 79% 0,008 0%
Air acidification g SO2 eq. 46 916 13 445 29% 33 166 71% 200 0%
Photochemical oxidation g ethylene eq. 15 084 5 787 38% 8 484 56% 813 5%
Linked to water effluents
Eutrophication g PO4 eq. 6 870 5 219 76% 368 5% 1 279 19%
Linked to human health
Human Toxicity eq. 1-4-dichlorobenze 4 917 008 223 917 484 817 19% 105 104 461 2% 3 894 417 787 79%
Years of Life Lost year 0,003 0,001 23% 0,002 75% 0,00005 2%
Linked to ecotoxicological risk
Aquatic Ecotoxicity eq. 1-4-dichlorobenze 883 620 066 78 839 920 9% 20 731 271 2% 784 048 723 89%
Sediment Ecotoxicity eq. 1-4-dichlorobenze 2 844 196 998 253 195 311 9% 66 344 722 2% 2 524 656 575 89%
Terrestrial Ecotoxicity eq. 1-4-dichlorobenze 323 062 85 180 26% 204 202 63% 33 680 10%

B/ Other Environmental Indica
Values

Primary energy MJ 160 060           35 028       22% 124 102       78% 695                0%
Dusts g 7 009              1 826         26% 4 545          65% 601                9%
Dioxins g 0,0000006 0,0000001 18% 0,0000001 18% 0,0000004 65%
Metals into air g 858                 29             3% 820             96% 9                   1%
Metals into water g 5 407              733           14% 4 446          82% 228                4%
Metals into soil g 155                 6               4% 45               29% 103,631 67%
Municipal and industrial waste kg 1 187              176           15% 3                0% 1 008             85%
Hazardous waste kg 17                   10             57% 1                7% 6                   36%
Inert waste kg 1 290              192           15% 2                0% 1 096             85%

Functional unit: Consumption per Capita 
per Year in Europe
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Caveats: regarding the results about toxicity and ecotoxicity risks, it has to be mentioned once again 
that LCA data about these issues are of relatively poor quality and heterogeneous according to 
products. The origin of human toxicity and ecotoxicity risks (in terms of stages in the life cycle and also 
of categories next section) is likely to be different from what is obtained in this study and described on 
the previous page. For instance, as one expert mentioned, AOX is likely not to be the major overall 
problem for aquatic and sediment toxicity contrary to what is obtained in this study from available data, 
and production stages may also constitute important contributors. 

 

EEnnvviirroonnmmeennttaall  IImmppaaccttss  GGeenneerraatteedd  aatt  tthhee  EEUU  lleevveell    
SSuummmmaarryy  ooff  LLCC  SSttaaggeess  CCoonnttrriibbuuttiioonn  

 
Main LC stage  

contributing to the impacts 
Main impacts & envtal indicators concerned 

Use stage Depletion of non renewable energy, including primary energy 
Impacts linked to air emissions: Greenhouse effect, Ozone depletion, 
Air acidification, Photochemical oxidation, metals, dusts 
Metals into water 
Metals into soil 
Years of life lost (human health) 
Terrestrial ecotoxicity 

Production stage Eutrophication 
Hazardous waste 

End of life stage Dioxins into air  
Human toxicity 
Aquatic and sediment ecotoxicity  
Municipal, industrial and inert waste  
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22..11..22..22  RReellaattiivvee  CCoonnttrriibbuuttiioonn  ooff  tthhee  DDiiffffeerreenntt  CCaatteeggoorriieess  
As shown in the tables and graphs next pages and summarised below, most of the environmental 
impacts linked to resources consumption and air emissions are generated by two main 
categories: 

� transport (goods transport and private transport of passengers by car),  

� building occupancy (mainly due to the energy used to heat domestic and commercial buildings). 

They correspond to the impacts for which the use stage is predominant (see § 2.1.2.1 above). 

The production of “Food products” generates most of the water emissions contributing to 
eutrophication (from “vegetables” mainly, due to the use of fertilisers) and photochemical oxidation 
(from “food from animals” mainly due to enteric fermentation and manure management).  

As for toxicity and ecotoxicity risks generated at the EU level, the main contributing categories are 
different according to the type of toxicity considered and, from data available, appear to be the 
following: 

� “Water supply” explains toxicity risks on human health as well as aquatic and sediment 
ecosystems (mainly due to the AOX content of sewage sludge (end of life step) associated with 
“waste water treatment”), 

� As for the “years of life lost” indicator, the main burden comes from “transport” and “building 
occupancy” (due to several air emissions: dusts, NOx, SOx, VOC), 

� « Terrestrial ecotoxicity » mainly originates from “building occupancy » and « EEE » (due to 
electricity consumption during the use stage). 

Solid waste are generated from « MSW management » category (municipal and industrial waste) as 
well as « civil work » and « building structure » categories (inert waste). 

 

Caveats 1: the fact that dioxins appear to be mostly generated by « MSW management » category 
results from the lack of accuracy in the way dioxins are generally accounted for in available LCIs (see 
§ 1.3.2.6). In particular, dioxins emitted by metal activities are poorly taken into account in available 
databases. 

Caveats 2: regarding the results about toxicity and ecotoxicity risks, as reminded above, it has to be 
mentioned once again that LCA data about these issues are of relatively poor quality and 
heterogeneous according to products.  

Caveats 3: the same remark should be made for solid waste. The quality of solid waste flow balances 
in available LCIs is low. The fact the « packaging » category appears to generate most of the 
hazardous waste quantified may also result from the way the category classification was made: some 
major other contributing industrial activities are split between studied categories and thus do not 
appear as such (and the hazardous waste they generate are split and then “diluted” between several 
categories). A third reason has to do with the fact that some major contributing categories are not 
studied (such as medicines and pharmaceuticals). 

 

 



B I O  I n t e l l i g e n c e  S e r v i c e  -  O 2 F r a n c e       . 
EXTERNAL ENVIRONMENTAL EFFECTS RELATED TO THE LIFE CYCLE OF PRODUCTS AND SERVICES 

85

EEnnvviirroonnmmeennttaall  IImmppaaccttss  GGeenneerraatteedd  aatt  tthhee  EEUU  lleevveell    
SSuummmmaarryy  ooff  tthhee  CCoonnttrriibbuuttiioonn  ooff  tthhee  DDiiffffeerreenntt  CCaatteeggoorriieess    

 
 Contribution of the categories to total EU impacts 
 10-20% 20-40% 60-80% 40-60% >80% 

A/ Environmental Impacts     
Depletion of non 
renewable resources 

      

Greenhouse effect        
Air acidification 

 
EEE 

 
Building occupancy
Transport 

      
Ozone Depletion    Building occupancy    Transport   
Photochemical 
oxidation 

Building 
occupancy  

Transports 
Food products 

      

Eutrophication Water 
supply 

  Food 
products 

    

Human Toxicity Packaging   Water supply     
Years of Life Lost EEE Building occupancy   Transport   
Aquatic Ecotoxicity       
Sediment Ecotoxicity  

 
Packaging   

 
Water supply     

Terrestrial Ecotoxicity   Building occupancy
EEE 

      

B/ Other Environmental Indicators    
Primary energy   Transport 

Building occupancy  
      

Dusts EEE 
Transport 

Building occupancy       

Dioxins   MSW management 
Packaging 
Transport 
EEE 

      

Metals into air       
Metals into water   

 
EEE   

Building 
occupancy   

Metals into soil   Transports 
Water supply 

  MSW management   

Municipal and 
industrial waste 

  
  

  
  

MSW 
management 

Hazardous waste   MSW management   Packaging   
Inert waste       Civil work 

Building structure 
  

In bold characters, the most significant category for each impact. 
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CCoonnttrriibbuuttiioonn  ooff  tthhee  DDiiffffeerreenntt  CCaatteeggoorriieess  ttoo  SSoommee  EEnnvviirroonnmmeennttaall  IImmppaaccttss  GGeenneerraatteedd  aatt  tthhee  EEUU  LLeevveell  

((iinn  %%  ooff  tthhee  ttoottaall  ggeenneerraatteedd  bbyy  aallll  tthhee  ccaatteeggoorriieess  ssttuuddiieedd))    

 

 

Global Warming Potential 

0% 5% 10% 15% 20% 25% 30%
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Footw ear

Water supply
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Animal food
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Goods transport

Building occupancy commercial
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Building ocupancy domestic

Air Acidification 
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Eutrophication 
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Photochemical oxidation
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Dusts emissions
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Stratospheric ozone depletion
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Depletion of non renewable resources
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Years of lost life 
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Human toxicity
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EEnnvviirroonnmmeennttaall  IImmppaaccttss  GGeenneerraatteedd  aatt  tthhee  EEUU  LLeevveell  ––  CCoonnttrriibbuuttiioonn  ooff  tthhee  DDiiffffeerreenntt  CCaatteeggoorriieess  ((11//44))  

Civil work Building 
structure

Total Goods Personal carsTransport service Total Total Total EEE IT EEE Domestic appliances

A/ Environmental Impacts
Linked to resources consumption L=m+n+o m n o D=k+l k l
Depletion of non renewable resources kg antimony eq. 53 15.7 6.1 8.2 1.4 1.5 1.9 5.6 0.9 4.8
Linked to air emissions
Greenhouse effect (direct, 100 yrs) g CO2 eq. 8 884 187 2622679 881691 1509673 231315 77185 283515 802587 127990 674597
Stratospheric Ozone Depletion g CFC-11 eq. 3 1.2 1.2 0.0 0.0 0.0 0.1 0.2 0.0 0.1
Air acidification g SO2 eq. 47 089 13431 6976 4735 1721 634 2633 6140 1283 4857
Photochemical oxidation g ethylene eq. 15 177 5713 1956 3555 203 103 1054 773 140 633
Linked to water effluents
Eutrophication g PO4 eq. 6 859 56 30 25 0 1 114 28 8 20
Linked to human health
Human Toxicity g eq. 1-4-dichlorobenzene 4 919 799 882 42 098 676 41 949 723 45 658 103 295 451 592 419 870 683 226 692 947 22 658 446 204 034 502
Years of Life Lost year 0.003 0.0010 0.0005 0.0004 0.0001 0.0000 0.0001 0.0003 0.0000 0.0002
Linked to ecotoxicological risk
Aquatic Ecotoxicity g eq. 1-4-dichlorobenzene 884 072 296 8 427 639 8 405 944 822 20 874 90 778 6 079 256 17 874 092 247 732 17 626 359
Sediment Ecotoxicity g eq. 1-4-dichlorobenzene 2 846 557 737 27 113 151 27 046 164 1 897 65 091 290 907 19 564 772 57 520 185 790 372 56 729 814
Terrestrial Ecotoxicity g eq. 1-4-dichlorobenzene 252 913 3 701 3 391 296 14 89 2 490 60 935 8 566 52 369

B/ Other Environmental Indicators
Values

Primary energy MJ 160 516 38 676 16 057 19 040 3 578 3 005 7 854 19 926 3 111 16 815
Fossil energy MJ 7 207 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Consumption of raw materials kg 540 897 0.0 0.0 0.0 0.0 0.0 0.5 0.0 0.0 0.0
Dusts g 6 819 1 116 767 117 232 24 337 1 163 145 1 018
Dioxins g 1.E-06 6.7E-07 1.0E-07 5.7E-07 6.6E-10 7.2E-09 4.3E-08 8.3E-08 3.4E-08 4.9E-08
Metals into air g 863 46 35 11 0 0 8 256 36 220
Metals into water g 3 568 185 181 1 3 18 140 783 117 666
Metals into soil g 155 45 45 0 0 0 3 0 0 0
Municipal and industrial waste kg 669 3 0 0 3 0 55 16 5 11
Hazardous waste kg 17 1 0 0 1 0 0 0 0 0
Inert waste kg 1 290 0 0 0 0 719 519 26 26 1

Functional unit: Consumption per Capita per 
Year in Europe

EEETOTAL Transports
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EEnnvviirroonnmmeennttaall  IImmppaaccttss  GGeenneerraatteedd  aatt  tthhee  EEUU  LLeevveell  ––  CCoonnttrriibbuuttiioonn  ooff  tthhee  DDiiffffeerreenntt  CCaatteeggoorriieess  ((22//44))  

 

Total

A/ Environmental Impacts Total building 
occupancy Total domestic Space 

heating Water heating Cooking Appliances+li
ght

Total 
commercial

Space 
heating Water heating Cooking Appliances+li

ght
Linked to resources consumption A+B A=a+b+c+d a b c d B=e+f+g+h e f g h
Depletion of non renewable resources kg antimony eq. 53 21.3 0.3 0.2 0.0 0.0 0.0 7.6 0.1 0.0 0.0 0.0
Linked to air emissions
Greenhouse effect (direct, 100 yrs) g CO2 eq. 8 884 187 3137662 2028598 1389590 306318 107516 225174 1109063 0 0 0 0
Stratospheric Ozone Depletion g CFC-11 eq. 3 1.0 0.6 0.4 0.1 0.0 0.1 0.3 0.1 0.0 0.0 0.0
Air acidification g SO2 eq. 47 089 12722 7531 5159 1137 399 836 5191 2699 467 260 1765
Photochemical oxidation g ethylene eq. 15 177 1769 1145 784 173 61 127 624 325 56 31 212
Linked to water effluents
Eutrophication g PO4 eq. 6 859 91 64 0 0 0 0 26 0 0 0 0
Linked to human health
Human Toxicity g eq. 1-4-dichlorobenzene 4 919 799 882 54 811 356 36 629 218 25 091 015 5 531 012 1 941 349 4 065 843 18 182 138 9 454 712 1 636 392 909 107 6 181 927
Years of Life Lost year 0.003 0.0006 0.0003 0.0957 0.0211 0.0074 0.0155 0.0002 0.0469 0.0081 0.0045 0.0306
Linked to ecotoxicological risk
Aquatic Ecotoxicity g eq. 1-4-dichlorobenzene 884 072 296 10 845 971 7 256 529 4 970 722 1 095 736 384 596 805 475 3 589 442 1 866 510 323 050 179 472 1 220 410
Sediment Ecotoxicity g eq. 1-4-dichlorobenzene 2 846 557 737 34 865 972 23 331 420 15 982 023 3 523 044 1 236 565 2 589 788 11 534 553 5 997 967 1 038 110 576 728 3 921 748
Terrestrial Ecotoxicity g eq. 1-4-dichlorobenzene 252 913 126 094 71 128 48 723 10 740 3 770 7 895 54 966 28 582 4 947 2 748 18 688

B/ Other Environmental Indicators
Values

Primary energy MJ 160 516 63 621 40 741 27 908 6 152 2 159 4 522 22 880 11 898 2 059 1 144 7 779
Fossil energy MJ 7 207 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Consumption of raw materials kg 540 897 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Dusts g 6 819 2 143 1 362 933 206 72 151 781 406 70 39 266
Dioxins g 1.E-06 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00 0.0E+00
Metals into air g 863 488 268 184 41 14 30 220 114 20 11 75
Metals into water g 3 568 1547 866 593 131 46 96 681 354 61 34 232
Metals into soil g 155 0 0 0 0 0 0 0 0 0 0 0
Municipal and industrial waste kg 669 0 0 0 0 0 0 0 0 0 0 0
Hazardous waste kg 17 0 0 0 0 0 0 0 0 0 0 0
Inert waste kg 1 290 0 0 0 0 0 0 0 0 0 0 0

Functional unit: Consumption per Capita per Year in 
Europe TOTAL

Domestic sector Commercial building

Building occupancy
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EEnnvviirroonnmmeennttaall  IImmppaaccttss  GGeenneerraatteedd  aatt  tthhee  EEUU  LLeevveell  ––  CCoonnttrriibbuuttiioonn  ooff  tthhee  DDiiffffeerreenntt  CCaatteeggoorriieess  ((33//44))  

Furniture Textiles Footwear Packaging

Total detergent textile personal care Total Total Total Total

A/ Environmental Impacts
Linked to resources consumption C=i+j i j
Depletion of non renewable resources kg antimony eq. 53 1.7 0.7 0.3 0.4 2.8 0.1 1.5
Linked to air emissions
Greenhouse effect (direct, 100 yrs) g CO2 eq. 8 884 187 203446 87886 35833 151135 407615 11584 215789
Stratospheric Ozone Depletion g CFC-11 eq. 3 0.1 0.0 0.0 0.0 0.1 0.0 0.1
Air acidification g SO2 eq. 47 089 2328 1005 410 478 3991 63 2554
Photochemical oxidation g ethylene eq. 15 177 1023 442 180 107 1376 9 348
Linked to water effluents
Eutrophication g PO4 eq. 6 859 0 0 0 41 0 7 181
Linked to human health
Human Toxicity g eq. 1-4-dichlorobenzene 4 919 799 882 3 668 287 1 584 646 646 100 33 135 478 4 824 793 838 766 263 874
Years of Life Lost year 0.003 0.0001 0.0000 0.0000 0.0000 0.0002 0.0000 0.0001
Linked to ecotoxicological risk
Aquatic Ecotoxicity g eq. 1-4-dichlorobenzene 884 072 296 734 111 317 125 129 300 6 670 066 965 009 75 154 427 829
Sediment Ecotoxicity g eq. 1-4-dichlorobenzene 2 846 557 737 2 361 230 1 020 017 415 887 21 477 144 3 086 382 59 497 143 616
Terrestrial Ecotoxicity g eq. 1-4-dichlorobenzene 252 913 2 803 1 211 494 463 13 073 44 3 896

B/ Other Environmental Indicators
Values

Primary energy MJ 160 516 2 379 1 028 419 2 415 6 896 170 6 119
Fossil energy MJ 7 207 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Consumption of raw materials kg 540 897 0.0 0.0 0.0 0.2 0.1 0.0 0.0
Dusts g 6 819 256 111 45 92 653 8 361
Dioxins g 1.E-06 4.0E-10 1.7E-10 7.0E-11 2.5E-08 1.5E-09 1.7E-10 1.2E-07
Metals into air g 863 2 1 0 1 46 0 4
Metals into water g 3 568 28 12 5 17 216 2 271
Metals into soil g 155 0 0 0 0 0 0 2
Municipal and industrial waste kg 669 0 0 0 21 9 5 175
Hazardous waste kg 17 1 0 0 0 1 0 7
Inert waste kg 1 290 3 1 1 1 3 0 13

Cleaning agents
Functional unit: Consumption per Capita per Year in 
Europe TOTAL
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EEnnvviirroonnmmeennttaall  IImmppaaccttss  GGeenneerraatteedd  aatt  tthhee  EEUU  LLeevveell  ––  CCoonnttrriibbuuttiioonn  ooff  tthhee  DDiiffffeerreenntt  CCaatteeggoorriieess  ((44//44))  

Paper products Beverage Baby products Gardening Water supply Municipal waste 
management

Animal food Vegetables Alcoholic beverage

A/ Environmental Impacts
Linked to resources consumption
Depletion of non renewable resources kg antimony eq. 53 0.0 0.0 0.0 0.0 0.0 0.0 0.5 -0.2
Linked to air emissions
Greenhouse effect (direct, 100 yrs) g CO2 eq. 8 884 187 69 482959 -29332 3157 0 3379 51451 459309
Stratospheric Ozone Depletion g CFC-11 eq. 3 0.0 0.0 0.1 0.0 0.0 0.0 0.0 0.0
Air acidification g SO2 eq. 47 089 1 0 1467 18 105 21 607 -102
Photochemical oxidation g ethylene eq. 15 177 0 2018 0 2 27 1 76 780
Linked to water effluents
Eutrophication g PO4 eq. 6 859 0 0 5067 44 3 246 941 39
Linked to human health
Human Toxicity g eq. 1-4-dichlorobenzene 4 919 799 882 0 1 285 0 13 915 1 157 16 261 3 364 964 868 2 983 870
Years of Life Lost year 0.003 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0001 0.0000
Linked to ecotoxicological risk
Aquatic Ecotoxicity g eq. 1-4-dichlorobenzene 884 072 296 0 0 0 2 816 152 22 320 677 340 556 591 626
Sediment Ecotoxicity g eq. 1-4-dichlorobenzene 2 846 557 737 0 0 0 8 999 389 22 754 2 181 197 341 1 904 834
Terrestrial Ecotoxicity g eq. 1-4-dichlorobenzene 252 913 0 0 0 30 0 5 423 33 152 720

B/ Other Environmental Indicators
Values

Primary energy MJ 160 516 3 977 7 200 183 234 65 1 412 -617
Fossil energy MJ 7 207 0.0 0.0 1.0 0.0 0.0 0.0 0.0 0.0
Consumption of raw materials kg 540 897 0.0 0.0 0.0 0.0 0.0 0.0 0.2 0.0
Dusts g 6 819 0 0 0 1 37 1 619 7
Dioxins g 1.E-06 0.0E+00 0.0E+00 1.5E-08 8.4E-12 0.0E+00 4.4E-12 3.1E-11 1.8E-07
Metals into air g 863 0 0 0 0 0 0 12 -1
Metals into water g 3 568 94 0 219 0 1 0 42 5
Metals into soil g 155 0 0 0 0 0 0 45 58
Municipal and industrial waste kg 669 87 58 115 0 0 115 10 575
Hazardous waste kg 17 0 0 2 0 0 0 0 5
Inert waste kg 1 290 0 0 0 0 0 0 2 4

Food products
Functional unit: Consumption per Capita per Year in 
Europe TOTAL
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22..11..33  EExxtteerrnnaall  CCoosstt  ooff  tthhee  EEnnvviirroonnmmeennttaall  IImmppaaccttss  GGeenneerraatteedd  iinn  tthhee  
EEUU  

22..11..33..11  TToottaall  ooff  aallll  tthhee  CCaatteeggoorriieess  

EExxtteerrnnaall  CCoossttss  GGeenneerraatteedd  aatt  tthhee  EEUU  lleevveell    
TToottaall  ffoorr  aallll  ccaatteeggoorriieess  &&  LLCC  SSttaaggeess  CCoonnttrriibbuuttiioonn  

Functional unit: 
Consumption per Capita per 
Year in Europe

Total

C/ External Cost
Values % total external cost

Linked to air emissions min max min max min max min max min max
Greenhouse effect (direct, 100 yrs) Euros 169 426 77% 45% 31 79 128 323 10 24
Stratospheric Ozone Depletion Euros 0.0021 0.0021 0.0% 0.0% 4.E-04 4.E-04 2.E-03 2.E-03 5.E-06 5.E-06
Air acidification Euros 7 69 3% 7% 2 20 5 49 0 0
Photochemical oxidation Euros 11 14 5% 1% 4 5 6 8 1 1
Linked to water effluents
Eutrophication Euros 12 12 6% 1.3% 9 9 1 1 2 2
Linked to solid waste
Disaminity caused by incineration Euros 0.3 1.2 0.2% 0.1% 0.1 0.3 0.0 0.0 0.3 1
Disaminity caused by landfilling Euros 10 30 4% 3% 2 5 0 0 8 25
Linked to human health
Carcinogenic potential of heavy metals Euros 0.2 0.2 0.1% 0.0% 0.1 0.1 0.1 0.1 0.1 0.1
Human health effects caused by dusts Euros 9 404 4% 42% 3 108 6 258 1 36
Human health effects caused by dioxins Euros 0.0149 0.032 0.0% 0.0% 1.E-03 3.E-03 9.E-03 2.E-02 5.E-03 1.E-02

Total External Cost Euros 219 958 100% 100% 51 228 146 639 21 89
23% 24% 67% 67% 10% 9%

End of life stageUse stageProduction 
stage

 

Considering the current state of the art of environmental impacts monetarisation applied to LCA (see § 
1.3.3.3), the range in which the external cost varies is large (at least a 4-factor): the minimum is 
likely to be near 220 and the maximum is higher than 960 Euros / capita per yr (several 
environmental impacts are not monetarised). 

More than 50% can be allocated to greenhouse effect and another significant proportion to human 
health effects caused by dusts.  

The use stage of the products consumed in the EU is at the origin of more than 60% of the overall 
external cost.  

LLiiffee  CCyyccllee  SSttaaggeess  CCoonnttrriibbuuttiioonn  ttoo  EExxtteerrnnaall  CCoosstt  

 

 

 

 

 

 

 

Remark: as explained in several previous sections of the report, the accuracy of the absolute 
figures is likely to be quite low. They are subject to both statistical errors and uncertainties / 
omissions difficult to quantify. This lack of accuracy may be less important when considering 
the relative weights of the categories, even if it is difficult to be certain of that.  

Production stage 

Use stage 

End of life stage 

25%

65%

10%

External Cost (Min or Max) 
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22..11..33..22  CCoonnttrriibbuuttiioonn  ooff  tthhee  DDiiffffeerreenntt  CCaatteeggoorriieess  

As shown in the tables and graphs next pages and summarised below, the main categories 
contributing to the overall external cost are obviously those contributing the most to greenhouse effect, 
photochemical oxidation and dusts emissions: transport (goods transport and personal cars) and 
building occupancy (mainly space heating of domestic and commercial building). 

But it should be noted that the relative contribution of different categories is quite homogeneous (all 
the categories contribute to less than 30% and most of them to less than 20%). As shown above (see 
§ 2.1.2.2), it is different compared to the environmental impacts themselves where major contributions 
are identified (some categories generate more than 40% or even 60% of a given impact).  

 

EExxtteerrnnaall  CCoosstt  aatt  tthhee  EEUU  lleevveell    
SSuummmmaarryy  ooff  tthhee  CCoonnttrriibbuuttiioonn  ooff  tthhee  DDiiffffeerreenntt  CCaatteeggoorriieess  

    
 Contribution of the categories to the total EU external cost 
 <10% 10-20% 20-30% >30% 
External cost - min All the others EEE 

Building structure 
Building occupancy28 
Transport29 

  

External cost - max  All the others Building occupancy Transport 
 

  

In bold characters, the most significant category for min and max. 

  

 

 

                                                      
28  the total of 2 categories represented in the graphs below: “building occupancy domestic”, “building occupancy commercial” 
29  the total of 3 categories represented in the graphs below: “personal car”, “goods transport” and “transport services” 
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CCoonnttrriibbuuttiioonn  ooff  tthhee  DDiiffffeerreenntt  CCaatteeggoorriieess  ttoo  tthhee  OOvveerraallll  EExxtteerrnnaall  CCoosstt  aatt  tthhee  EEUU  LLeevveell  
((iinn  %%  ooff  tthhee  ttoottaall  ggeenneerraatteedd  bbyy  aallll  tthhee  ccaatteeggoorriieess  ssttuuddiieedd))    

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

External costs min

0% 5% 10% 15% 20%

Baby products

Alcoholic beverages

Footw ear

Paper products

Gardening

IT Equipments

Furniture

Water supply

Public transport

Cleaning agents

Civil w ork

Packaging

Vegetables

Municipal w aste management

Animal food

Building structure
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Goods transport

Building occupancy commercial
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Building ocupancy domestic

External costs min

External costs max

0% 5% 10% 15% 20% 25%

Alcoholic beverages

Paper products

Gardening

Footw ear

Baby products

Vegetables

Furniture

IT Equipments

Civil w ork

Municipal w aste management

Animal food

Public transport

Cleaning agents

Packaging

Water supply

Building structure

Textiles

Personnal car

Goods transport

Domestic appliances

Building occupancy commercial

Building ocupancy domestic

External costs max
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EExxtteerrnnaall  CCoosstt  aatt  tthhee  EEUU  LLeevveell  ––  CCoonnttrriibbuuttiioonn  ooff  tthhee  DDiiffffeerreenntt  CCaatteeggoorriieess  ((11//44))    

Civil work Building 
structure

Total Goods Personal carsTransport service Total Total Total EEE IT EEE Domestic appliances

C/ External Cost MIN
Values

Linked to air emissions min
Greenhouse effect (direct, 100 yrs) Euros 169 50 17 29 4 1 5 15 2 13
Stratospheric Ozone Depletion Euros 2.E-03 8.3E-04 8.1E-04 2.0E-05 2.2E-06 9.8E-06 7.5E-05 1.2E-04 1.5E-05 1.0E-04
Air acidification Euros 7 2.0 1.0 0.7 0.3 0.1 0.4 0.9 0.2 0.7
Photochemical oxidation Euros 11 4.2 1.4 2.6 0.1 0.1 0.8 0.6 0.1 0.5
Linked to water effluents
Eutrophication Euros 12 0.1 0.0 0.0 0.0 0.0 0.2 0.0 0.0 0.0
Linked to solid waste
Disaminity caused by incineration Euros 0.3 0.00 0.00 0.00 0.00 0.00 0.00 0.03 0.01 0.02
Disaminity caused by landfilling Euros 10 0.0 0.0 0.0 0.0 4.3 3.7 0.2 0.2 0.0
Linked to human health
Carcinogenic potential of heavy metals Euros 0.2 0.05 0.05 0.00 0.00 0.00 0.05 0.07 0.00 0.07
Human health effects caused by dusts Euros 9 1.6 1.1 0.2 0.3 0.0 0.5 1.6 0.2 1.4
Human health effects caused by dioxins Euros 0.01 0.01 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.00

Total External Cost Euros 219 57.7 20.4 32.2 5.1 6.0 11.0 18.7 3.1 15.6

C/ External Cost MAX
Values

Linked to air emissions max
Greenhouse effect (direct, 100 yrs) Euros 426 125.9 42.3 72.5 11.1 3.7 13.6 38.5 6.1 32.4
Stratospheric Ozone Depletion Euros 0.002 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Air acidification Euros 69 19.6 10.2 6.9 2.5 0.9 3.8 9.0 1.9 7.1
Photochemical oxidation Euros 14 5.3 1.8 3.3 0.2 0.1 1.0 0.7 0.1 0.6
Linked to water effluents
Eutrophication Euros 12 0.1 0.0 0.0 0.0 0.0 0.2 0.0 0.0 0.0
Linked to solid waste
Disaminity caused by incineration Euros 1 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.0 0.1
Disaminity caused by landfilling Euros 30 0.0 0.0 0.0 0.0 13.7 11.8 0.6 0.5 0.1
Linked to human health
Carcinogenic potential of heavy metals Euros 0.2 0.1 0.1 0.0 0.0 0.0 0.1 0.1 0.0 0.1
Human health effects caused by dusts Euros 404 66.2 45.5 7.0 13.7 1.4 20.0 68.9 8.6 60.4
Human health effects caused by dioxins Euros 0.03 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Total External Cost Euros 958 217.1 99.9 89.7 27.6 19.8 50.5 118.0 17.3 100.7

Life cycle price Euros 5 922 955.1 101.3 2037.4 244.7 152.4 92.4

EEE
Functional unit: Consumption per Capita per 
Year in Europe TOTAL Transports
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EExxtteerrnnaall  CCoosstt  aatt  tthhee  EEUU  LLeevveell  ––  CCoonnttrriibbuuttiioonn  ooff  tthhee  DDiiffffeerreenntt  CCaatteeggoorriieess  ((22//44))    

Total

C/ External Cost MIN
Values

Linked to air emissions min
Greenhouse effect (direct, 100 yrs) Euros 169 60 39 26 6 2 4 21 11 2 1 7
Stratospheric Ozone Depletion Euros 2.E-03 6.5E-04 4.3E-04 3.0E-04 3.2E-02 2.3E-05 4.8E-05 2.2E-04 1.1E-04 2.0E-05 1.1E-05 7.4E-05
Air acidification Euros 7 1.9 1.1 0.8 0.0 0.1 0.1 0.8 0.4 0.1 0.0 0.3
Photochemical oxidation Euros 11 1.3 0.8 0.6 0.0 0.0 0.1 0.5 0.2 0.0 0.0 0.2
Linked to water effluents
Eutrophication Euros 12 0.1 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Linked to solid waste
Disaminity caused by incineration Euros 0.3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Disaminity caused by landfilling Euros 10 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Linked to human health
Carcinogenic potential of heavy metals Euros 0.2 0.01 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Human health effects caused by dusts Euros 9 3.0 1.9 1.3 0.0 0.1 0.2 1.1 0.6 0.1 0.1 0.4
Human health effects caused by dioxins Euros 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Total External Cost Euros 219 65.9 42.5 29.1 5.9 2.3 4.7 23.4 12.2 2.1 1.2 8.0

C/ External Cost MAX
Values

Linked to air emissions max
Greenhouse effect (direct, 100 yrs) Euros 426 150.6 97.4 66.7 14.7 5.2 10.8 53.2 27.7 4.8 2.7 18.1
Stratospheric Ozone Depletion Euros 0.002 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Air acidification Euros 69 18.6 11.0 7.5 1.7 0.6 1.2 7.6 3.9 0.7 0.4 2.6
Photochemical oxidation Euros 14 1.6 1.1 0.7 0.2 0.1 0.1 0.6 0.3 0.1 0.0 0.2
Linked to water effluents
Eutrophication Euros 12 0.1 0.1 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Linked to solid waste
Disaminity caused by incineration Euros 1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Disaminity caused by landfilling Euros 30 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Linked to human health
Carcinogenic potential of heavy metals Euros 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Human health effects caused by dusts Euros 404 127.1 80.8 55.3 12.2 4.3 9.0 46.3 24.1 4.2 2.3 15.8
Human health effects caused by dioxins Euros 0.03 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Total External Cost Euros 958 298.0 190.3 130.3 28.7 10.1 21.1 107.8 56.0 9.7 5.4 36.6

Life cycle price Euros 5 922 382.9 0.0

Domestic sector Commercial building

Functional unit: Consumption per Capita per Year in 
Europe TOTAL Building occupancy
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EExxtteerrnnaall  CCoosstt  aatt  tthhee  EEUU  LLeevveell  ––  CCoonnttrriibbuuttiioonn  ooff  tthhee  DDiiffffeerreenntt  CCaatteeggoorriieess  ((33//44))    

Furniture Textiles Footwear Packaging

Total detergent textile personal care Total Total Total Total

C/ External Cost MIN
Values

Linked to air emissions min
Greenhouse effect (direct, 100 yrs) Euros 169 4 2 1 3 8 0 4
Stratospheric Ozone Depletion Euros 2.E-03 6.4E-05 2.8E-05 1.1E-05 1.8E-05 7.5E-05 -1.3E-08 8.4E-05
Air acidification Euros 7 0.3 0.1 0.1 0.1 0.6 0.0 0.4
Photochemical oxidation Euros 11 0.7 0.3 0.1 0.1 1.0 0.0 0.3
Linked to water effluents
Eutrophication Euros 12 0.2 0.1 0.0 0.1 1.3 0.0 0.3
Linked to solid waste
Disaminity caused by incineration Euros 0.3 0.00 0.00 0.00 0.00 0.01 0.00 0.21
Disaminity caused by landfilling Euros 10 0.0 0.0 0.0 0.1 0.1 0.0 0.8
Linked to human health
Carcinogenic potential of heavy metals Euros 0.2 0.00 0.00 0.00 0.01 0.00 0.00 0.00
Human health effects caused by dusts Euros 9 0.4 0.2 0.1 0.1 0.9 0.0 0.5
Human health effects caused by dioxins Euros 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Total External Cost Euros 219 5.5 2.4 1.0 3.3 11.6 0.3 6.5

C/ External Cost MAX
Values

Linked to air emissions max
Greenhouse effect (direct, 100 yrs) Euros 426 9.8 4.2 1.7 7.3 19.6 0.6 10.4
Stratospheric Ozone Depletion Euros 0.002 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Air acidification Euros 69 3.4 1.5 0.6 0.7 5.8 0.1 3.7
Photochemical oxidation Euros 14 1.0 0.4 0.2 0.1 1.3 0.0 0.3
Linked to water effluents
Eutrophication Euros 12 0.2 0.1 0.0 0.1 1.3 0.0 0.3
Linked to solid waste
Disaminity caused by incineration Euros 1 0.0 0.0 0.0 0.0 0.0 0.0 0.7
Disaminity caused by landfilling Euros 30 0.1 0.0 0.0 0.4 0.2 0.1 2.5
Linked to human health
Carcinogenic potential of heavy metals Euros 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Human health effects caused by dusts Euros 404 15.2 6.6 2.7 5.5 38.7 0.4 21.4
Human health effects caused by dioxins Euros 0.03 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Total External Cost Euros 958 29.6 12.8 5.2 14.0 66.9 1.2 39.3

Life cycle price Euros 5 922 90.9 306.1 534.4 114.8

Cleaning agents
Functional unit: Consumption per Capita per Year in 
Europe TOTAL
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EExxtteerrnnaall  CCoosstt  aatt  tthhee  EEUU  LLeevveell  ––  CCoonnttrriibbuuttiioonn  ooff  tthhee  DDiiffffeerreenntt  CCaatteeggoorriieess  ((44//44))    

Paper products Beverage Baby products Gardening Water supply Municipal waste 
management

Animal food Vegetables Alcoholic beverage

C/ External Cost MIN
Values

Linked to air emissions min
Greenhouse effect (direct, 100 yrs) Euros 169 0 9 -1 0 0 0 1 9
Stratospheric Ozone Depletion Euros 2.E-03 1.0E-08 2.7E-05 9.4E-05 2.5E-07 0.0E+00 8.8E-09 6.7E-06 -2.0E-06
Air acidification Euros 7 0.0 0.0 0.2 0.0 0.0 0.0 0.1 0.0
Photochemical oxidation Euros 11 0.0 1.5 0.0 0.0 0.0 0.0 0.1 0.6
Linked to water effluents
Eutrophication Euros 12 0.0 0.0 7.8 0.1 0.0 0.7 1.4 0.1
Linked to solid waste
Disaminity caused by incineration Euros 0.3 0.07 0.02 0.00 0.00 0.00 0.00 0.00 0.00
Disaminity caused by landfilling Euros 10 0.3 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Linked to human health
Carcinogenic potential of heavy metals Euros 0.2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Human health effects caused by dusts Euros 9 0.0 0.0 0.0 0.0 0.1 0.0 0.9 0.0
Human health effects caused by dioxins Euros 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Total External Cost Euros 219 0.4 10.7 7.4 0.1 0.1 0.7 3.5 9.4

C/ External Cost MAX
Values

Linked to air emissions max
Greenhouse effect (direct, 100 yrs) Euros 426 0.0 23.2 -1.4 0.2 0.0 0.2 2.5 22.0
Stratospheric Ozone Depletion Euros 0.002 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Air acidification Euros 69 0.0 0.0 2.1 0.0 0.2 0.0 0.9 -0.1
Photochemical oxidation Euros 14 0.0 1.9 0.0 0.0 0.0 0.0 0.1 0.7
Linked to water effluents
Eutrophication Euros 12 0.0 0.0 7.8 0.1 0.0 0.7 1.4 0.1
Linked to solid waste
Disaminity caused by incineration Euros 1 0.2 0.1 0.0 0.0 0.0 0.0 0.0 0.0
Disaminity caused by landfilling Euros 30 1.0 0.0 0.0 0.0 0.0 0.0 0.1 0.0
Linked to human health
Carcinogenic potential of heavy metals Euros 0.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Human health effects caused by dusts Euros 404 0.0 0.0 0.0 0.1 2.2 0.1 36.7 0.4
Human health effects caused by dioxins Euros 0.03 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

Total External Cost Euros 958 1.2 25.1 8.5 0.3 2.4 0.9 41.7 23.1

Life cycle price Euros 5 922 143.4 550.8 244.3 70.6 144.8

Food products
Functional unit: Consumption per Capita per Year in 
Europe TOTAL
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22..11..44  IInntteerrnnaalliissaattiioonn  ooff  EEnnvviirroonnmmeennttaall  EExxtteerrnnaall  CCoossttss    
 

22..11..44..11  IImmppoorrttaanntt  PPrreelliimmiinnaarryy  CCoommmmeenntt  

� This section about internalisation is an attempt to quantify the six indicators presented in detail in 
section  1.3.4.2.3. We will then compare external cost to environmental taxes, external cost to life cycle 
price and environmental taxes to life cycle price. 

It is important to keep in mind the two main limits of this quantification exercise: 

� External cost: actual external costs are likely to be higher than those assessed in this study 
because first cost factors do not exist today for all the environmental impacts quantified in LCAs 
(they concern more air emissions than eutrophication or depletion of resources for instance) and 
secondly several environmental impacts are not quantified in LCA and then not monetarised, 
including:  
- noise,  
- odour, 
- nature conservation (biodiversity, etc.), 
- land disturbance, 
- other disamenity, 
- risk of accidents (nuclear, oil slicks, transport…).  

The range obtained for external costs reflects the diversity of values existing in literature for 
the environmental impacts actually moneratised but the max values presented do not 
correspond to actual maximums (some external costs are missing). 

� Environmental taxes: actual environmental taxes are likely to be closer to the lowest values of 
the ranges assessed rather than the highest values.   

This directly results from the way the ranges were built, in a context where available tax data were 
not in a format compatible with LCA: a tax factor was determined for each main input and output 
quantified in LC inventory and then applied to all the categories. Existing exemptions and variety of 
rates were taken into account through a range: the min corresponds to the minimum rates and the 
max corresponds to the maximum rates (without taking into account specific exemptions and 
subsidies applying to some categories and flows30). 

As a consequence, the max value of the environmental tax range corresponds to a true 
maximum value (as if all the maximum rates would apply to all categories et flows) but is 
not reachable (because of exemptions and subsidies). 

The conclusions which are drawn in the following pages take that fact into consideration. 

� As in preceding chapters, we first analyse results for all the categories together then per category. 

                                                      
30  This work would require an important and dedicated research program. 
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22..11..44..22  TToottaall  ooff  aallll  tthhee  CCaatteeggoorriieess  

EEnnvviirroonnmmeennttaall  TTaaxxeess  aanndd  IInntteerrnnaalliissaattiioonn  ooff  tthhee  EExxtteerrnnaall  CCoossttss  

Functional unit: 
Consumption per Capita per 
Year in Europe

Total Production stage Use stage End of life stage

C/ External Cost
Total External Cost Euros 219 958 51 228 146 639 21 89

23% 24% 67% 67% 10% 9%

D/ Internalisation of the external Cost
Values Taxes compo

Taxes paid (total) min max min max min max min max min max
Denmark Euros 1633 4484 100% 100% 1268 1792 330 2637 34 49
France Euros 1565 4792 100% 100% 756 1505 621 3079 187 202
Poland Euros 190 2238 100% 100% 40 475 148 1749 1 10

Part of the external cost internalised 190 4 792 40 1 792 148 3 079 1 202

Taxes paid - Linked to air emissions
Denmark Euros 85 136 5% 3% 19 27 66 108 0 0
France Euros 3 3 0% 0% 1 1 2 2 0 0
Poland Euros 6 6 3% 0% 1 1 6 6 0 0

Part of the external cost internalised 3 136 1 27 2 108 0 0

Taxes paid - Linked to water effluents
Denmark Euros 639 639 39% 14% 616 616 9 9 14 14
France Euros 1389 1389 89% 29% 681 681 524 524 183 183
Poland Euros 4 27 2% 1% 1 5 3 21 0 1

Part of the external cost internalised 4 1 389 1 681 3 524 0 183

Taxes paid - Linked to solid wast
Denmark Euros 30 34 2% 1% 11 13 1 1 18 21
France Euros 6 8 0% 0% 2 3 0 0 4 5
Poland Euros

Part of the external cost internalised 34 13 1 21

Taxes paid - Linked to material consumption
Denmark Euros 533 533 33% 12% 523 523 11 11 0 0
France Euros 42 242 3% 5% 41 238 1 5 0 0
Poland Euros 8 87 4% 4% 8 85 0 2 0 0

Part of the external cost internalised 8 533 8 523 0 11 0 0

Taxes paid - Linked to energy consumption
Denmark Euros 214 2985 13% 67% 39 542 174 2425 1 14
France Euros 97 3110 6% 65% 18 565 79 2527 0 14
Poland Euros 171 2118 90% 95% 31 384 139 1721 1 10

Part of the external cost internalised 97 3 110 18 565 79 2 527 0 14

E/ Life-Cycle Price

Life-Cycle Price Euros 5 922

External Cost Compared to Life-Cycle Price 4% 16%

External cost internalised
Min Max

746% 468%
715% 500%
87% 234%

Life cycle price corresponding to internalised external costs
Min Max
28% 76%
26% 81%
3% 38%

Denmark

Denmark
France
Poland

Poland
France

 

Caveats: in the following pages of this section, we tried the following exercise: to quantify the 
6 internalisation indicators, all categories together. But since in all likelihood external costs are 
underestimated and environmental taxes are somewhere in a very large interval, conclusions 
have to be drawn carefully from the figures. This exercise must then be seen more as a 
feasibility test of the method and the indicators than their definitive quantification. 
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� Life cycle price 

Let us remind (see § 1.3.4.2.1) that the life cycle price considered here does not take into account only 
the selling price of the product or service paid by the consumer to the producer or retailer but also 
includes all the expenditures that the consumer will have to pay when using the product and then 
disposing of it at the end of its life. 

Life cycle price = Selling price + Use & End-of-life expenditures 

The overall life cycle price (all categories altogether) assessed in this study31 amounts 
approximately to 5 920 Euros / capita / year. That is to say each average European consumer 
spends approximately 6 000 Euros per year to buy, use and eliminate the products and services 
considered (i.e. about 15 000 Euros per household composed of an average of 2.5 persons).  

� Environmental taxes  

The total amount of environmental taxes linked to the considered product categories varies in very 
different ranges according to countries as expected, specially between Poland and the two other 
countries: 

� Denmark: 1 630 to 4 485 Euros / capita / year, 

� France: 1 565 to 4 790 Euros / capita / year, 

� Poland: 190 to 2 240 Euros / capita / year. 

The quite large ranges obtained result from the fact that in order to take into account the exemptions 
applying in particular to the different kinds of energy, the taxes related to energy were considered 
varying between the minimum tax (min value) and the maximum tax existing in the country (max 
value) as reminded above.  

The highest environmental tax revenue is that from energy related taxes (for the 3 countries), 
and the second highest is linked to water effluents related taxes (except for Poland). For that 
reason, they are mainly linked to production and use stages. 

SSpplliitt  ooff  tthhee  TToottaall  EEnnvviirroonnmmeennttaall  TTaaxxeess  BBeettwweeeenn  SSccooppee  CCoonncceerrnneedd  

                                                      
31  as explained in § 1.4.3.4, it was approximated by considering the total domestic expenditures linked to the categories 

considered 
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It may be interesting to note that environmental taxes represent a significant proportion of the life 
cycle price, which is somewhere between 25% and 80% of the life cycle price in Denmark and 
France and between 5 and 40% in Poland (once again, this large range is due to the range 
considered for environmental taxes). 

 
   Denmark France Poland 

  Min Max Min Max Min Max 

Total environmental taxes (Euros) a 1 635 4 485  1 565 4 790 190 2 240 

Total life cycle price (Euros) b 5 920 5 920 5 920 

% of environmental taxes 
compared to life cycle price 

c=a/b 28% 76% 26% 81% 3% 38% 

 

� (A-indicator) % of environmental taxes compared to external cost 

When comparing total environmental taxes to total external cost assessed, the results show that the 
total environmental taxes would represent more than 100% of the total external cost higher 
(somewhere between 265% and 810% in Denmark and France and somewhere between 30% and 
380% in.Poland). 

The fact that most of these percentages appear to be higher than 100% reflects that environmental 
taxes would be often much higher than external costs. As a matter of fact, external costs would “only” 
represent about 10% to 40% of environmental taxes in Denmark and France for instance. 

 
   Denmark France Poland 

  Min Max Min Max Min Max 

Total external cost (Euros)  220 960 220 960 220 960 

average32 a 590 590 590 

Total environmental taxes (Euros) b 1 635 4 485  1 565 4 790 190 2 240 

A-indicator c=b/a 277% 760% 265% 812% 32% 380% 

% of external cost compared to 
environmental taxes  

d=a/b 
36% 13% 38% 12% 311% 26% 

One would then be tempted to conclude that the overall external cost (all categories altogether) is 
already very well internalised (at least in countries where environmental taxation is quite well 
developed). 

But several distortions are hidden behind these figures as explained above: 

� taxes are likely to be overestimated, due to exemptions applying to certain products and activities 
not well apprehended in the study, 

                                                      
32  In order to facilitate the calculations of A-indicator, the average value of external cost is considered (otherwise, it would have 

been necessary to mix min and max of external cost with min and max of environmental taxes). This approximation was 
preferred (rather than considering the average value for environmental taxes) because the range obtained for external cost 
is relatively smaller.   
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� assessed external costs may be underestimated, being evaluated with the current level of scientific 
knowledge of monetarisation applied to LCA. 

And indeed, it is not absurd to considerer that the external cost could be higher than 960 Euros if all 
the environmental impacts would be included, for instance 1 300 Euros or even more, and that the 
actual environmental taxes could be close to the lower value, for instance 1 800 Euros. In such cases, 
the overall external cost could still be considered totally internalised but maybe and even probably not. 

� (D-indicator) current level of internalisation reached  

Considering what has just been said about A-indicator, it seems reasonable to conclude that it is 
unlikely that the actual external cost all categories together is already totally internalised. But 
the level of internalisation may be quite good already (with significant compensations between 
categories – see section  2.1.4.3 hereafter). 

� (B-indicator) % of external cost not yet internalised compared to LC Price  

From the calculation of A-indicator, the external cost would be totally internalised and thus the external 
cost not yet internalised would be equal to 0. 

But considering the impossibilities to quantify with more accuracy the actual external cost (which may 
be higher) and the current level of internalisation (which is likely to be less than 100%), it is likely that 
the external cost not yet internalised is not 0, without being able to quantify it.  

As a consequence, it is not possible to quantify B-indicator without any further in-depth work. 

� (C-indicator) % of external cost compared to LC price  

The total external cost (all categories together) represent at least 5 to 15% of the life cycle price 
(since the high value of the external cost range is likely to be underestimated, this percentage 
may be higher). 

 
  Min Max 

Total external cost (Euros)  a 220 960 

Total life cycle price (Euros) b 5 920 

C-indicator c=a/b 5% 15% 

� (E- and F-indicators) importance of externalities not yet internalised and of overall externalities, 
compared to the overall life cycle price  

These indicators are more appropriate for a relative analysis (comparison of categories) than to 
analyse the overall situation. They will then be discussed in the next section. 
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� Summary of the results for the key indicators about internalisation  

Amounts in Euros / capita / year (all categories together) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Caveats: the figures may be quite different in reality, because external cost may be 
underestimated and environmental taxes may be close the low value of their range 

 

 

 

 

 

 

 

 

 

 

E-indicator and F-indicator are mere relevant for a relative comparison between categories. They will 
be analysed at the category level in the next section. 

External
cost 

max 

Environmental  
taxes  

Life cycle 
price 

max 

External 
cost 

Life cycle
price 

External cost 
not yet internalised

% of external cost 
not yet internalised 
compared to  
LC price 

% of  
environmental taxes 
compared to  
external cost 

% of  
external cost 
compared to  
LC price  

 

Current level of 
internalisation  
reached 
May be quite good 
already 

D  

Importance of 
externalities not yet 
internalised compared 
to the overall LC price 
Not relevant 

E  

Importance of 
externalities compared 
to the overall LC price 
Not relevant 

F 

A B
C

min
190 

4 790 

min 220 

960 
590 

810% 

30% 

5 920

? 

5 920 

max 

min 220

960

5% 

15% 
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22..11..44..33  FFoorr  EEaacchh  CCaatteeggoorryy  

Results are summarised first, based on detailed data presented in graphs and tables just after. 

We decided to consider the range of environmental taxes Poland excluded, in order to reduce 
the interval and then to facilitate a little bit the analysis. 

� (A-indicator) % of environmental taxes compared to external cost 

From a quantification point of view, three situations could be distinguished:  

� For some of the studied categories, the environmental taxes assessed are lower than the external 
cost calculated (A-indicator < 100%). In these cases, only a part of the external cost could be 
considered being internalised. 

� For other categories, the environmental taxes are higher (A-indicator > 100%). External cost could 
then be considered being totally internalised.  

� For several categories (third column in the table below), the results differ depending on the min or 
max value of A-indicator, i.e. depending on the actual level of external cost and environmental 
taxes in their respective ranges (which is not possible to assess more precisely in this study). For 
these categories, the external cost would be, or would not yet be, totally internalised.  

((AA--IInnddiiccaattoorr))  %%  ooff  eennvviirroonnmmeennttaall  ttaaxxeess  ccoommppaarreedd  ttoo  eexxtteerrnnaall  ccoosstt   

A-Indicator < or near  
100% 

100% 

 

  

Mix situation  

 

 

   

A-Indicator > 100% 

 

 

 

   
Vegetables  
MSW management 
 
 

Goods transport  
Personal cars  
Passengers public 
transport 
Civil work 
Building occupancy – 
Domestic  
& Commercial sector 

Cleaning agents – 
Textile detergent  
Cleaning agents – 
personal care  
EEE – IT 
EEE – Domestic 
appliances 
Food from animals 
Baby products 

Water supply 
Building structure 
Furniture 
Textiles  
Beverage 
Gardening 
Packaging  
Paper products 
Footwear 

 

 

Only a part of external 
cost would be 
internalised 

External cost could be  
totally internalised 

External cost would 
be totally 

internalised 

But the relevance of the results of this quantification exercise is limited at that stage, once again due 
to the fact that the range considered for the environmental taxes is too large today.  

min 

max min 

max 

max 

min 
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� (D-indicator) Current level of internalisation reached 

The quantification of the current level of internalisation seems difficult considering the difficulties to 
interpret A-Indicator. 

However, it seems possible to perform a comparative analysis between categories. 

((DD--iinnddiiccaattoorr))  CCuurrrreenntt  LLeevveell  ooff  IInntteerrnnaalliissaattiioonn  ooff  tthhee  EExxtteerrnnaall  CCoosstt    
RReellaattiivvee  PPoossiittiioonn  ooff  tthhee  CCaatteeggoorriieess  

  - + 
 

Vegetables  
MSW management 
 
 

Goods transport  
Personal cars  
Passengers public transport 
Civil work 
Building occupancy – Domestic sector 
Building occupancy – Commercial sector 
Cleaning agents – Textile detergent  
Cleaning agents – Personal care  
EEE – IT 
EEE – Domestic appliances 
Food from animals 
Baby products 

Water supply 
Building structure 
Furniture 
Textiles  
Beverage 
Gardening 
Packaging  
Paper products 
Footwear 
 

 

� (B-Indicator) % of external cost not yet internalised compared to LC price and (E-Indicator) 
Importance of externalities not yet internalised compared to life cycle price 

B-Indicator is not easy to quantify on a robust basis given the difficulty of interpreting the A-Indicator 
(mainly due to the large range of environmental taxes). 

As a consequence, it is not easy to position the categories on the E-Indicator basis. 
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� (C-Indicator) % of external cost compared to LC price and (F-Indicator) Importance of externalities 
compared to life cycle price 

For all the studied categories, the external cost appears to reach an amount corresponding to at least 
5 to 10 or 15% of the LC price.  

((CC--IInnddiiccaattoorr))  %%  ooff  EExxtteerrnnaall  CCoosstt  ccoommppaarreedd  ttoo  LLCC  PPrriiccee  

C-Indicator =  
at least 1% 

C-Indicator =  
at least 5% 

C-Indicator =  
at least 5 to 15% 

C-Indicator =  
at least 5 to 25% 

Not Been Assessed 
in the Study33 

Beverage  
Paper products  
Footwear  
Building structure 

Furniture  
Cleaning agents  
Vegetables  
Food from animals 

Personal cars  
EEE – IT  
Textiles   
 

EEE – Domestic 
appliances  
(max = 110%)  
Building 
occupancy – 
Domestic sector 
(max = 50%) 
Water supply  
Passengers 
public transport 
 

Goods transport 
Baby products 
Gardening 
MSW management 
Civil work 
Packaging 
Building occupancy – 
Commercial sector  

 ((FF--IInnddiiccaattoorr))  IImmppoorrttaannccee  ooff  eexxtteerrnnaalliittiieess  ccoommppaarreedd  ttoo  lliiffee  ccyyccllee  pprriiccee  
-  + 

 

 

� As an illustration, the following table and graphs give a summary of the detailed results for each 
category. But the figures have to be considered with precaution (in particular A- and B-Indicators, 
which directly depend on the large range of environmental taxes). 

 

                                                      
33  No data available to approximate the life cycle price. 
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IInntteerrnnaalliissaattiioonn  IInnddiiccaattoorrss  ppeerr  CCaatteeggoorryy  

 

  

 

Functional unit: 
Consumption per 
Capita per Year in 
Europe

Total Goods 
transports

Personal 
cars

Transport 
services

Civil 
work

Building 
structure

Building 
occupancy 
domestic 

sector

Building 
occupancy 
commercial 

sector

External cost min a Euros 219 20 32 5 6 11 42 23

max b Euros 958 100 90 28 20 50 190 108

average (1) c Euros 588 60 61 16 13 31 116 66

Environmental taxes min d Euros 1 565 26 29 3 3 59 43 25

(Poland excluded) max e Euros 4 792 344 474 74 69 469 844 475

LC price f Euros 5 922 0 955 101 0 2 037 383 0

A-indicator min g % 266% 43% 47% 16% 26% 193% 37% 38%

max h % 815% 572% 778% 455% 533% 1526% 725% 724%

D-indicator min i % 100% 43% 47% 16% 26% 100% 37% 38%

max j % 100% 100% 100% 100% 100% 100% 100% 100%

External cost min k Euros 0 0 0 0 0 0 0 0

not yet internalised max l Euros 0 35 32 14 9 0 73 41

B-indicator min m % 0% #DIV/0! 0% 0% #DIV/0! 0% 0% #DIV/0!

max n % 0% #DIV/0! 3% 13% #DIV/0! 0% 19% #DIV/0!

C-indicator min o % 4% #DIV/0! 3% 5% #DIV/0! 1% 11% #DIV/0!

max p % 16% #DIV/0! 9% 27% #DIV/0! 2% 50% #DIV/0!

Functional unit: 
Consumption per 
Capita per Year in 
Europe

Detergent 
textiles

Soap & 
toiletries 

for 
personal 

care 

Furniture Textiles Footwear Packaging EEE IT
EEE 

Domestic 
appliances

External cost min a Euros 2 1 3 12 0 7 3 16

max b Euros 13 5 14 67 1 39 17 101

average (1) c Euros 8 3 9 39 1 23 10 58

Environmental taxes min d Euros 4 2 20 678 6 30 7 24

(Poland excluded) max e Euros 123 50 150 898 28 194 68 363

LC price f Euros 0 91 306 534 115 0 152 92

A-indicator min g % 58% 58% 227% 1726% 849% 130% 67% 42%

max h % 1623% 1623% 1724% 2288% 3786% 848% 671% 624%

D-indicator min i % 58% 58% 100% 100% 100% 100% 67% 42%

max j % 100% 100% 100% 100% 100% 100% 100% 100%

External cost min k Euros 0 0 0 0 0 0 0 0

not yet internalised max l Euros 3 1 0 0 0 0 3 34

B-indicator min m % #DIV/0! 0% 0% 0% 0% #DIV/0! 0% 0%

max n % #DIV/0! 1% 0% 0% 0% #DIV/0! 2% 37%

C-indicator min o % #DIV/0! 1% 1% 2% 0% #DIV/0! 2% 17%

max p % #DIV/0! 6% 5% 13% 1% #DIV/0! 11% 109%



B I O  I n t e l l i g e n c e  S e r v i c e  -  O 2 F r a n c e       . 
EXTERNAL ENVIRONMENTAL EFFECTS RELATED TO THE LIFE CYCLE OF PRODUCTS AND SERVICES 

110

IInntteerrnnaalliissaattiioonn  IInnddiiccaattoorrss  ppeerr  CCaatteeggoorryy  ((CCoonnttdd..))  

 

  

Functional unit: 
Consumption per 
Capita per Year in 
Europe

Paper 
products

Animal 
food Vegetables Beverage Baby 

products Gardening Water 
supply

Municipal 
waste

External cost min a Euros 0 11 7 0 0 1 3 9

max b Euros 1 25 9 0 2 1 42 23

average (1) c Euros 1 18 8 0 1 1 23 16

Environmental taxes min d Euros 1 1 0 1 0 8 80 3

(Poland excluded) max e Euros 7 25 0 12 6 124 178 2

LC price f Euros 143 551 244 71 0 0 145 0

A-indicator min g % 164% 3% 0% 480% 36% 984% 352% 17%

max h % 896% 142% 0% 5541% 527% 15008% 790% 10%

D-indicator min i % 100% 3% 0% 100% 36% 100% 100% 17%

max j % 100% 100% 0% 100% 100% 100% 100% 10%

External cost min k Euros 0 0 8 0 0 0 0 15

not yet internalised max l Euros 0 17 8 0 1 0 0 14

B-indicator min m % 0% 0% 3% 0% #DIV/0! #DIV/0! 0% #DIV/0!

max n % 0% 3% 3% 0% #DIV/0! #DIV/0! 0% #DIV/0!

C-indicator min o % 0% 2% 3% 0% #DIV/0! #DIV/0! 2% #DIV/0!

max p % 1% 5% 3% 0% #DIV/0! #DIV/0! 29% #DIV/0!

(1) In order to facilitate the calculations of A-indicator and B-indicator, the average value of external cost is considered 
(otherwise, it would have been necessary to mix min and max of external cost with min and max of envtal taxes). This approximation was preferr
(rather than considering the average value for envtal taxes) because the range obtained for external cost is relatively smaller.  

c=(a+b)/2 k=0 si i=100% sinon c-e
A-indicator = % of environmental taxes vs external cost g=d/c l=0 si j=100% sinon c-d
D-indicator = current level of internalisation reached h=e/c m=k/f
B-indicator = % of external cost not yet internalised vs LC price i=100% si g>100% sinon =g n=l/f
C-indicator = % of external cost vs LC price j=100% si h>100% sinon =h o=a/f p=b/f

Food 
from 

animals



B I O  I n t e l l i g e n c e  S e r v i c e  -  O 2 F r a n c e       . 
EXTERNAL ENVIRONMENTAL EFFECTS RELATED TO THE LIFE CYCLE OF PRODUCTS AND SERVICES 

111

IInntteerrnnaalliissaattiioonn  IInnddiiccaattoorrss  ppeerr  CCaatteeggoorryy  

  

 
 

 

 

 

 

 

 

 

 

A-indicator 
% of Environmental Taxes Compared to External Cost 

Total

Goods transports

Personal cars

Transport services

Civil work

Building structure

Building occupancy 
domestic sector

Detergent textiles

Soap & toiletries for 
personal care 

Furniture

Textiles

Packaging

EEE IT

EEE Domestic appliances

Paper products

Animal food

Vegetables

Baby products

Water supply

Municipal waste

Total building occupancy 
commercial sector

0% 500% 1000% 1500% 2000% 2500% 3000%

Max
Min

Gardening: 15 000  % 

Beverage: 5 550 %

Footwear: 3800%

100 % 
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D-indicator 
Current Level of Internalisation Reached
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C-indicator 
% of External Cost Compared to LC Price

0% 20% 40% 60% 80% 100% 120%

Total

Personal cars

Transport services

Building structure

Soap & toiletries for personal care 

Furniture

Textiles

Footwear

EEE IT

EEE Domestic appliances

Paper products

Animal food

Vegetables

Beverage

Water supply Max
Min
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22..11..55  SSuummmmaarryy  ooff  tthhee  MMaaiinn  RReessuullttss  

Indicators  Main Categories Concerned 

Air Pollution &  
Non Renewable 
Resources 

Transport (use stage) 
Building occupancy (use stage) 

Water Pollution Food (production stage) 

Environmental Impacts 

Human and 
Ecosystem Toxicity 

Waste water treatment (end of life stage) 
Transport (use stage) 

External Cost Main categories 
concerned 

Transport (use stage)  
Building occupancy (use stage) 

 Main effects 
contributing 

Greenhouse effect 
Human heath effects due to dusts emissions 

Higher Level  Water supply 
Building structure 
Furniture 
Textiles  
Beverage 
Gardening 
Packaging  
Paper products 
Footwear 

Intermediate 
Situation 

Goods transport  
Personal cars  
Passengers public transport 
Civil work 
Building occupancy – Domestic sector 
Building occupancy – Commercial sector 
Cleaning agents – Textile detergent  
Cleaning agents – Personal care  
EEE – IT 
EEE – Domestic appliances 
Food from animals 
Baby products 

Level of Internalisation 
of the External Cost 
Likely to be Reached 

 

Lower Level Vegetables  
MSW management 

IImmppoorrttaannccee  ooff  EEnnvviirroonnmmeennttaall  EExxtteerrnnaalliittiieess  CCoommppaarreedd  ttoo  LLiiffee  CCyyccllee  PPrriiccee  

-  + 
Beverage  
Paper products  
Footwear  
Building structure 

Furniture  
Cleaning agents  
Vegetables  
Food from animals 

Personal cars  
EEE – IT  
Textiles   
 

EEE – Domestic appliances   
Building occupancy – Domestic sector 
Water supply  
Passengers public transport 
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� Environmental impacts   

The results of the study are in accordance with the main macro-economic tendencies already known 
for the environmental impacts: 

� The sectors characterised by important energy consumptions, i.e. transport and building 
occupancy, generate an important part of the air pollution induced by the entire European 
economy. 

� The food industry is responsible for a large proportion of the water pollution. 

� Transports and waste water treatment are causing most of the human and ecosystem toxicity risks. 

� External costs 

Due to the different weight of the various environmental impacts in the external cost, a significant part 
of the total European external cost can be allocated to only two categories: transports and building 
occupancy. 

More than 50% of the overall external cost can be allocated to greenhouse effect and another 
significant part to human health effects caused by dusts.  

The use stage of the products consumed in the EU is at the origin of more than 60% of the overall 
external cost.  

� Level of internalisation already reached  

The quantification of the current level of internalisation seems difficult considering the difficulties to 
interpret some of the indicators quantified due in particular to too large a range for environmental 
taxes. 

However, it was possible to position the categories in order to hierarchies them, which was the first 
purpose of the study, by considering: 

� The level of internalisation likely to be reached, 

� The importance of environmental externalities compared to life cycle price. 

However, the conclusions should be considered as a first attempt to compare categories rather than 
as definitive prioritisation. 
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22..22  CCAASSEE  SSTTUUDDIIEESS  OONN  AALLTTEERRNNAATTIIVVEE  OOPPTTIIOONNSS  

22..22..11  OObbjjeeccttiivvee  ooff  tthhiiss  PPhhaassee  ooff  tthhee  SSttuuddyy    

This phase of the study aimed at testing how environmental impacts differences between various 
options providing the same function or service could be used by decision makers in the scope of the 
IPP. 

Could the existence of these differences be used as a filter to define priority categories? Are some of 
these differences more relevant (or significant) than others?  

Contrary to the first phase of the study (categories analysis), we were here more interested in the 
orders of magnitude of the differences between options than in the absolute figures of each option. 

 
22..22..22  PPrreesseennttaattiioonn  ooff  CCaassee  SSttuuddiieess  

� 18 case studies were analysed, among which 4 include products awarded with a third party verified 
label. Up to 5 options are compared in each case study.  

Case studies One of the options correspond to a product 
awarded with a third party verified label34 

� Personal Computer � 
� Desktop Computer Display  
� Lamps � 
� Car Fuels  
� Floor Covering  � 
� Road Paints  � 
� Liquid Packaging Systems   
� Space Heating  
� Energy Efficiency in buildings  
� Insulation Methods  
� Goods Transport   
� Passengers Transport   
� Table Cloths   
� Agricultural Systems   
� Car Pooling  
� Meeting   
� Flushing Systems  
� Plates  

 

                                                      
34  With available LCAs data 
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� The case studies were selected according to four main criteria: 

� products with relatively important environmental impacts,  

� products for which LCA data were available in the literature (no new calculation were expected at 
that stage), 

� some case studies had to correspond to products where substitution by services is possible, 

� some case studies had to include products awarded with a third party verified label (the choice of 
such case studies were limited by the fact that LCAs of labelled products have been carried out for 
only very few of all the product categories for which either an eco-label or another third party 
verified label exist35). 

� The scope of each case study is described hereafter. 

 

 

                                                      
35  And considering only the eco-labelling criteria (instead of a life cycle inventory) is not a solution given that 

many eco-labelling criteria do not refer to items quantified in a life cycle inventory (e.g. one of the textile eco-
labelling criteria concerns acrylonitrile emission, which is not quantified in LCI. 
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SSccooppee  ooff  tthhee  CCaassee  SSttuuddiieess  

 
Case studies Categories Goal & Comments Functionnal unit Main conclusion

1 Personal computers This study presents a LCA for a personal computer in order to establish 
the ecolabel criteria

10 personal computer

2 Desktop computer 
display

Cooperative project among the Design for the Environment (DfE) 
Program in the Economics, Exposure, and Technology Division of the 
U.S. Environmental Protection Agency’s (EPA)
The DfE Computer Display Project (CDP) report provides a baseline 
analysis and the opportunity to use the model as a stepping stone for 
further analyses and improvement assessments for these technologies.

liquid crystal display cathodes ray tubes One desktop computer display over its lifespan

3 Lamps
Rubrik &D'Haese were commissioned by the European Environmental 
Bureau (EEB) in Brussels to perform a study to frind ecolabeling criteria 
for lamps in general.

compact fluorescent
compact fluorescent 
with magnetic ballast

compact 
fluorescent with 
electronic ballast

incandescent 
lamp with 
electronic ballast

10 million lumen hour

4 Car fuels
Most initiatives from Swiss parliament aim to promote ecological fuels 
with fiscal advantages. This study aims to give environmental profiles of 
different fuels for passengers and freigt transport.

diester methanol and ethanol natural gas Liquid Petrol Gas petrol and diesel 1 000 vehicle.km

5 Floor covering

This summarises the study "Life Cycle Inventory with Life Cycle 
Analysis for Resilient Flooring Systems" for the European Resilient 
Floor Covering Manufacturers Institute".
The purposes are to provide an overview of 32 floor covering systems, to 
focus on the different functionnal classes and the different material 
groups of floor coverings, and to concentrate on quantifiable, non locally 
relevant environmental impact potentials, for which accepted 
transformation rules from the life cycle inventory stage into an impact 
assessment stage exist.

linoleum rubber polyolefin PVC cushioned PVC 1 000 m2 flooring over a period of 20 years

6 Paints This LCA makes a comparison between water paint and solvent based 
paint 

water based paint solvent based paint 100 m2 of road covered during 10 years

7 Liquid packaging 
systems

This study presents a LCA comparing the potential environmental 
impacts associated with different existing or alternative packaging 
systems for beer and carbonated soft drinks that are filled and sold in 
Denmark.

Refillable packaging Disposable packaging Packaging and distribution of 1000 l of beverage

8 Space heating
Analysis of 4 different energies in order to define the most 
environmental efficiency for space heating heat from wood heat from gas heat from oil

heat from 
electricity

Energy consumption for space heating for one 
european during one year (calculated with 100 
GJ)

9 Buildings
The LCA method is used in order to analyse a whole building and to 
identify its major environmental impacts, instead of analysing single 
elements within buildings or building materials itself.

One semi-detached house over a life time of 80 
years

10 Insulation methods
This analysis intends to show the environmental benefit of using 
insulation and to compare different way to insulate a concrete wall with 
the same efficiency.

concrete concrete+EPS concrete+wood
concrete+mineral 
wood

concrete+particulate 
board 10 m2

11 Goods transport Analysis of different transport modes in order to define the most 
environmental efficiency for the goods transport.

rail sea inland waterway road (truck) 1 000 tkm

12 Passengers transport This case study shows the advantages and drawbacks of personal car 
and different kinds of transport for passengers

car bus railway air water 10 000 pkm

13 Tablecloths Comparison between paper and textiles tablecloths paper tablecloths cotton tablecloths cotton-EPS 
tablecloths

PES tablecloths 50 tables covered every day during 1 year

14 Agriculture
The purpose of this LCA is to determine the differences in resource use 
and environmental impacts beween different systems with equivalent 
function: to provide 102 kg of protein with wheat

organic agriculture integrated agriculture intensive 
agriculture

Quantity of wheat containing 1000 kg of protein

15 Car pooling
This case intends to measure the environmental effect of increasing the 
use of car pooling.

16 Meeting
What is the environmental benefit of using new technologies (Internet) 
for a meeting instead of travelling. videoconference train plane

1 4h-conference in Brussels with 3 persons, 1 
living in brussels and two living in Madrid

17 Toilets rinsing The study intends to analyse the advantages to use rain water for 
flushing systems from an environmental point of view

Conventional system 10% recovery of rain 
water

Economic system 
with drinkable 
water

10% recovery of 
rain water with 
economic flushing 
system

100% rain water 
recovery

The rinsing of 1 000 toilets

18 Plates Comparison between paper and porcelain plates paper plates porcelain plates 100 000 meals

different ways for disposal, reduction of energy consumption, extension of the life time in order to define 
the ecolabel criteria

5 houses with different energy efficiency, heating system and building materials

Miscellaneous products

These case studies show that the use of
renewable resources to substitute existing
technics does not necessarily improve the
environmental performance of the system under
consideration

These case studies show the environmental
advantage of substitution of products by services

Options compared

Variant number of passengers in personal (1 to 3.5 pers/car)

Products with a third party verified label

These studies demonstrate that LCA is an
efficicent instrument to analyse and assess the
environmental performance of products through
their entire life cycle, in order to identify
weaknesses and to develop improvement
strategies

Product-service systems with an increasing degree of substitution of products by services

Products with a particularly significant environmental impact

LCA tool enables to increase the environmental
performance of these product groups through the
choice of the best alternative over the whole life
cycle
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22..22..33  MMeetthhooddoollooggyy  

� A two-step methodology was elaborated: 

� Step 1: Environmental Relevance of Choosing Between Options – Micro-Economic Level, 

� Step 2: Environmental Relevance of Choosing Between Options – Macro-Economic Level. 

� Step 1: Environmental Relevance of Choosing Between Options – Micro-Economic Level 

This first step aims at assessing if the differences between the environmental impacts of various 
options providing the same function or service are significant or not. 

For that purpose, various options are compared on the basis of a given functional unit: 

� the environmental impacts of each option are first assessed, 

� options are then compared and, for each major environmental impact assessed, the factor between 
the “worst” option and the “best” option is calculated (for instance, global warming generated by the 
“worst” option is 3 times higher than the “best” option). 

These factors give an indication of the maximum micro-economic effect which can be expected when 
making choices between options in the category of products or services considered. 

Caveats: the objective is not to identify if there is a “best” option (such an exercise would require to 
take into account pollution transfers which often exist when selecting one option among others) but to 
assess the level of relevance of the differences between options (are the differences significant or 
not?). 

� Step 2: Environmental Relevance of Choosing Between Options – Macro-Economic Level 

This second step aims at assessing if differences between the environmental impacts of various 
options which are significant at the micro-economic level are still significant at the macro-economic 
level, i.e. when considering the whole European economy. 

Would the environmental benefits be significant at the European level if one of the option (the “best” 
one36) would be more developed that it is today? 

To answer that question, two elements have to be taken into account: 

� all the options are not similarly developed at the European level (for instance, space heating from 
gas is more developed that space heating from electricity or wood), 

� the whole economy is constituted of many categories whose environmental impacts may “dilute” 
the environmental benefits of the option selected.   

                                                      
36 at least for some of the environmental impacts considered 
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In order to attempt a quantification at the macro-economic level, two types of calculation are thus 
necessary: 

� First, a sensitivity analysis has to be performed at the “category” level (the one the case study 
refers to). 

Options are no more considered individually but instead a mix of the options is assessed. One 
wants to analyse what the order of magnitude of the environmental benefits due to an evolution of 
this mix would be. 

The today “structure” of the category (i.e. the mix of the different options included in the category) 
is taken as a reference (this is the one assessed in the first phase of the study focusing on the 
categories). 

The mix of the options is then modified, for instance by increasing the proportion of the “best” 
option and the environmental benefits assessed as a difference between these two situations. 

� Secondly, the analysis is performed at the European level. 

The environmental benefits assessed at the category level are compared to the environmental 
impacts of the entire European economy. 

Remark: As far as the macro-economic analysis is concerned, it is of course relevant to be performed 
only for case studies where significant difference factors exist between options. 

� The quantification of the factors characterising the differences between options at the micro-
economic level was performed for each of the case studies (see detailed figures in the appendix report 
and a synthesis on section  2.2.4.1 below).  

As far as the macro-economic analysis is concerned, the quantification requires economic data 
(average European “consumption” of each option) and specific calculation which was not possible to 
carried out for all the case studies considering the limited resources of the study.  

The quantification was performed for one of the case study, Space heating, whose difference factors 
between options are amongst the highest (when comparing with the other case studies) and which 
corresponds to one of the two categories (Building occupancy37) generating most of the environmental 
impacts linked to resources consumption and air emissions (i.e. the “dilution” phenomenon is the 
lowest one compared with the other case studies). 

For the other case studies, a qualitative analysis is performed. 

The results of the macro-economic analysis are given in section  2.2.4.2 below. 

                                                      
37  the other one being Transport – see section  0 page 84 
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MMeetthhooddoollooggyy  ttoo  AAsssseessss  tthhee  EEnnvviirroonnmmeennttaall  RReelleevvaannccee  ooff  CChhoooossiinngg  BBeettwweeeenn  OOppttiioonnss  

 

Micro
level

Macro
level

Comparison between options for a same functional unit

F1= 
3 factor

Environmental impact 1

Option 1 Option 2 Option 3

Environmental impact 1

Option 1 Option 2 Option 3

F2= 
25 factor

� Are these difference factors (F1, F2…) significant?

Sensitivity analysis on the mix of options

Reference situation (option mix 1)
Option 1 Option 2 Option 3

X % Y % Z %
Simulation (option mix 2)

Option 1 Option 2 Option 3
X’ % Y’ % Z’ %

Hypotheses

Results

Mix of options at the Eu level

Ref mix1 Simu mix2 Variation

i1 i’1 %1Envtal impact 1
Envtal impact 2 i2 i’2 %2
… … … …

Total all categories

with mix1 with mix2 Variation

I1 I’1 %1
I2 I’2 %2
… … …

� Are these variation % significant at the European level (first
for the mix of options then for the entire European economy)?
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22..22..44  CCoonncclluussiioonn  aabboouutt  CCaassee  SSttuuddiieess    

22..22..44..11  EEnnvviirroonnmmeennttaall  RReelleevvaannccee  ooff  CChhoooossiinngg  BBeettwweeeenn  OOppttiioonnss  ––  MMiiccrroo--
EEccoonnoommiicc  LLeevveell    

� Detailed results are presented for each case study in an appendix report. 

EExxaammppllee  ooff  RReessuullttss  ffoorr  ““SSppaaccee  hheeaattiinngg””  ccaassee  ssttuuddyy  

Space Heating  
(4 options compared: Electricity vs. 
Petrol vs. Gas vs. Wood)  

Factor  between    

the option having the lowest environmental impact and  

the option having the highest environmental impact 

Primary Energy Consumption 3 38 

Global Warming 275 

Human Toxicity 520 

Remark: the option having the lowest environmental impact (“best” option) and the one having the 
highest environmental impact (“worst” option) are not necessarily the same for each environmental 
impact (pollution transfers may exist – but as mentioned at the beginning of this section about case 
studies, the purpose of this analysis is not to determine which is the best option). 

� The following table summarises the main results for all the case studies.  

RReeppaarrttiittiioonn  ooff  tthhee  CCaassee  SSttuuddiieess  aaccccoorrddiinngg  ttoo  tthhee  LLeevveell  ooff  tthhee  DDiiffffeerreenncceess  bbeettwweeeenn  OOppttiioonnss  

Factor between  
the option having the lowest environmental impact and  
the option having the highest environmental impact39 

1.2 to 240 2.1 to 10 11 to 100 101 to 1000 

 Improvement potential  

 

 

 

Case Studies 

� Personal 
computers* 

� Screen computers 

� Lamps* 

� Floor coverings* 

� Liquid packaging 
systems 

� Car pooling 

� Tablecloths 

� Flushing systems 

� Fuels for vehicles 

� Road paint* 

� Insulation 

� Goods transport 

� Passengers 
transport 

� Agriculture 

� Plates 

� Space heating 

� Meeting 

                                                      
38   i.e. the “worst” option has an impact 3 times higher than the “best” option for primary energy consumption 
39  the highest factor reached for at least one environmental impact 
40  i.e. the “worst” option has an impact 20% to 200% higher than the “best” option 

- +
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Legend: the * indicates case studies including third party verified labelled products.  

Reading of the table – Example for “Space heating” case study: 
For at least one of the main environmental impacts considered, the difference between the “best” 
option and the “worst” option corresponds to a factor higher than 101 (and lower than 1000) (this is 
indeed the case for “primary energy consumption” and “global warming” as shown in the table above).  

� Conclusions 

� For each case study, significant differences between options exist at a micro-economic 
level (higher than 20% and up to more than a 100 factor), if not for all of the main environmental 
impacts considered (renewable resources, global warming, air acidification, photochemical 
oxidation, human toxicity), at least for some of them. 

� The presence of labelled products does not differentiate the concerned case studies from the 
others. 

� The improvement potential is higher (highest difference factors) for space heating (thus 
building occupancy), meeting organisation (due to the possibility to avoid transport) and 
transport, but not only since important difference factors exist also for several other cases 
(insulation, paints…). 

22..22..44..22  EEnnvviirroonnmmeennttaall  RReelleevvaannccee  ooff  CChhoooossiinngg  BBeettwweeeenn  OOppttiioonnss  ––  MMaaccrroo--
EEccoonnoommiicc  LLeevveell    

� Quantification for “Space heating” case study 

The sensitivity analysis focused on the mix of the different energy source options: electricity, petrol, 
gas and wood. The simulation performed consisted in increasing the proportion of wood (the “best” 
option for several environmental impacts41) to the detriment of fossil fuels (“wood scenario”).  

MMiixx  uusseedd  ffoorr  ssppaaccee  hheeaattiinngg  

 Reference situation (the one assessed in the first phase 
of the study focusing on categories)   

 Electricity Petrol Gas Wood 

Domestic sector 8% 26% 56% 10 % 

Commercial sector 10% 37% 50% 1.5 % 

Sensitivity analysis (« wood scenario ») 

 Electricity Petrol Gas Wood 

Domestic sector 8% 17% 50% 25% 

Commercial sector 8% 32% 50% 10% 

                                                      
41  but not all 
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RReessuullttss  ooff  tthhee  ““SSppaaccee  hheeaattiinngg””  SSeennssiittiivviittyy  AAnnaallyyssiiss  

Domestic sector Commercial sector TOTAL categories

Results 
corresponding to 

the reference 
situation

Results 
corresponding to 

the sensitivity 
analysis

Evolution 
from the 
reference 
situation

Results 
corresponding to 

the reference 
situation

Results 
corresponding to 

the sensitivity 
analysis

Evolution 
from the 

reference 
situation

Results 
corresponding to 

the reference 
situation

Results 
corresponding to 

the sensitivity 
analysis

Evolution from 
the reference 

situation

Results 
corresponding to 

the reference 
situation

Results 
corresponding to 

the sensitivity 
analysis

Evolution 
from the 

reference 
situation

A/ Environmental Impacts

Linked to resources consumption
Depletion of non renewable resources kg antimony eq. 13.7 12.3 -10.0% 7.6 7.3 -3.6% 21.3 19.6 -7.8% 52.9 51.2 -3.1%
Linked to air emissions
Greenhouse effect (direct, 100 yrs) g CO2 eq. 2.0E+06 1.8E+06 -10.5% 1.1E+06 1.1E+06 -3.9% 3.1E+06 2.9E+06 -8.2% 8.9E+06 8.6E+06 -2.9%
Stratospheric Ozone Depletion g CFC-11 eq. 0.6 0.5 -19.0% 0.3 0.3 -8.0% 1.0 0.8 -15.3% 3.0 2.9 -4.9%
Air acidification g SO2 eq. 7.5E+03 7.4E+03 -1.1% 5.2E+03 5.1E+03 -2.1% 1.3E+04 1.3E+04 -1.5% 4.7E+04 4.7E+04 -0.4%
Photochemical oxidation g ethylene eq. 1 145 1 088 -5.0% 624 607 -2.7% 1 768 1 695 -4.2% 15 139 15 066 -0.5%
Linked to water effluents
Eutrophication g PO4 eq. 64 84 31.0% 26 30 12.9% 91 114 25.8% 6859 6882 0.3%
Linked to human health
Human Toxicity g eq. 1-4-dichlorobenzene 3.7E+07 3.0E+07 -19.2% 1.8E+07 1.7E+07 -8.1% 5.5E+07 4.6E+07 -15.5% 4.9E+09 4.9E+09 -0.2%
Years of Life Lost year 3.5E-04 3.7E-04 6.6% 2.3E-04 2.3E-04 0.2% 5.8E-04 6.0E-04 4.1% 2.50E-03 2.53E-03 0.9%

Linked to ecotoxicological risk
Aquatic Ecotoxicity g eq. 1-4-dichlorobenzene 7.3E+06 5.8E+06 -19.4% 3.6E+06 3.3E+06 -8.2% 1.1E+07 9.1E+06 -15.7% 8.8E+08 8.8E+08 -0.2%
Sediment Ecotoxicity g eq. 1-4-dichlorobenzene 2.3E+07 1.9E+07 -19.4% 1.2E+07 1.1E+07 -8.2% 3.5E+07 2.9E+07 -15.7% 2.8E+09 2.8E+09 -0.2%
Terrestrial Ecotoxicity g eq. 1-4-dichlorobenzene 7.1E+04 7.0E+04 -0.9% 5.5E+04 5.4E+04 -2.4% 1.3E+05 1.2E+05 -1.6% 3.2E+05 3.2E+05 -0.6%

B/ Other Environmental Indicators

Primary energy MJ 4.1E+04 4.0E+04 -0.9% 2.3E+04 2.3E+04 -1.0% 6.4E+04 6.3E+04 -0.9% 1.6E+05 1.6E+05 -0.4%
Fossil energy MJ
Consumption of raw materials kg 1085.2 1181.7 8.9% 557.0 571.2 2.5% 1642.2 1752.8 6.7% 540896.3 541007.0 0.0%
Dusts g 1361.9 1690.2 24.1% 781.1 827.0 5.9% 2143.1 2517.3 17.5% 6818.6 7192.8 5.5%
Dioxins g
Metals into air g 268.4 268.9 0.2% 219.5 214.5 -2.3% 487.9 483.3 -0.9% 863.0 858.4 -0.5%
Metals into water g 865.8 847.2 -2.1% 680.8 662.4 -2.7% 1546.6 1509.6 -2.4% 5435.9 5398.9 -0.7%
Metals into soil g
Municipal and industrial waste kg
Hazardous waste kg
Inert waste kg

Total Building occupancy
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Conclusion of the “Space heating” sensitivity analysis:  

� A modification of the space heating options mix compared to the current situation may generate 
significant evolutions of the environmental impacts generated by the Building Occupancy 
category, up to about 15-20% for certain environmental impacts. 

� When considering the total environmental burden generated by the entire European 
economy (total of all categories studied), these evolutions may approximately give a 5% 
variation for some of the major environmental impacts. 

� The other case studies 

Similar orders of magnitude can be expected for transport options since the first phase of the 
study showed that “Transport” category generates, with “Building occupancy” category, most of the 
environmental impacts linked to resources consumption and air emissions. 

For the other case studies, the “dilution” phenomenon is much higher because they refer to 
categories whose contribution to the overall environmental burden at the European level is much 
lower. 

22..22..55  MMaaiinn  LLeessssoonnss  ffrroomm  tthhee  CCaassee  SSttuuddiieess  

� Significant differences between options exist at a micro-economic level (higher than 20% and 
up to more than a 100 factor for the case studies performed), if not for all of the main environmental 
impacts considered (renewable resources, global warming, air acidification, photochemical oxidation, 
human toxicity), at least for some of them. 

� The choice between various options corresponding to a given function can make a 
significant difference at the European level (i.e. can provide significant environmental benefits – 
several percents) for mainly two categories: 

� goods and passengers transport (in particular transportation means and type of fuels), 

� building occupancy (in particular type of energy consumed and energy efficiency). 

� For the other categories, options exist which provide significant environmental benefits at a 
micro-economic level, i.e. for a given functional unit. But these benefits are “diluted” when the whole 
European economy is considered.  

However, this dilution phenomenon does not prevent these choices between options from 
being important because when adding all these relatively minor environmental benefits, the 
decrease of environmental burdens becomes significant at the European level, with an order of 
magnitude which can be, for certain environmental impacts, comparable to those of transport and 
building occupancy.  

� The choice of eco-labelled products provide environmental benefits at a micro-economic level.  

But because eco-labelling criteria existing today do not concern transport or building occupancy, it is 
only when they are added altogether that the environmental benefits due to eco-labelled products can 
become significant at the macro-economic level. 
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22..33  LLIIMMIITTSS  OOFF  TTHHEE  SSTTUUDDYY  AANNDD  FFUURRTTHHEERR  RREESSEEAARRCCHH  WWOORRKK  TTOO  BBEE  
PPEERRFFOORRMMEEDD  

22..33..11  PPrroodduucctt  aanndd  SSeerrvviicceess  CCllaassssiiffiiccaattiioonn  

In the domain of environmental policy, there is no standard approach to classify products and services 
consumed in the EU within a life cycle perspective (life cycle assessment is a tool which has been 
generally applied at a microeconomic level).  

Existing official classifications present several drawbacks regarding the purpose of the study that did 
not allow us to use them directly, even the statistical classification of products by activity (CPA).  

A new classification of products and services had then to be established: 

� based on final products and services (not intermediary products) and focusing on major transversal 
activities / products / services, 

� split into 13 families and 34 different categories covering most of the entire EU economy, 

� generating few double counting.  

We had to find a compromise between being exhaustive and life-cycle oriented. But the categorisation 
used in this study still presents some weaknesses (e.g. products or services consumed by businesses 
and administration are not very well covered) which will not be overcome without a standardisation 
work. 

 

22..33..22  EEnnvviirroonnmmeennttaall  IImmppaaccttss  AAsssseessssmmeenntt    

Although the availability of LCA data has improved immensely over the last years, the proliferation of 
LCA data on the information market has lead to problems with data quality, comprehensiveness, 
comparability and equal distribution of LCA data. A solution to these problems would be a concerted 
European effort to establish a whole easily accessible LCA database of good quality. 

Such a database would present the advantage to fulfil not only the need of this specific IPP issue but 
several others identified in other IPP areas (elaboration of environmental product declarations, 
development of eco-labelling criteria, eco-design, product-oriented environmental management 
system…) by improving the comparability of environmental information and facilitating access to LCA 
data with reduced cost, especially for SMEs but also for Member states and other interested parties. 

It should also be reminded that some environmental impacts are not or poorly addressed by LCA, in 
particular toxicity and ecotoxicity issues, as well as other important impacts likely to generate high 
external costs (such as noise, odor, land disturbance…). 

Specific means will have to be developed in parallel to be able to integrate these issues into the IPP 
approach.  
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22..33..33  EEnnvviirroonnmmeennttaall  IImmppaaccttss  MMoonneettaarriissaattiioonn  ((EExxtteerrnnaall  CCoossttss))  

Monetarisation is a very specific and complex field of research where important works are still in 
progress. Some recent works are focusing on how to apply monetarisation methods in an LCA context 
(in particular the ExternE studies as well as the more recent Ecosit project). 

In this study, we made no attempts to be exhaustive on that subject but it may be useful to mention 
that we encountered important difficulties linked to the lack of comprehensive and homogeneous 
external cost factors related either to inputs / outputs quantified in Life Cycle Inventory or to 
environmental impacts assessed from inputs / outputs quantified in Life Cycle Inventory42. 

On-going and further works will certainly help to address the following issues: 

� The choice of the most relevant method to assess the external costs of products of services life 
cycle starting from LCA results, to be chosen between: 
- Method 1 -  Monetarisation of inputs / outputs quantified in LC Inventories, 
- Method 2 - Monetarisation of environmental impacts assessed from LC Inventory inputs and 

outputs. 

� The limits induced by the approach due to the fact that it combines potential global impacts (LCA) 
with actual location and source-specific external cost factors (monetarisation). 

� The scope of the environmental impacts assessed in LCAs which are actually monetarised (e.g. 
eutrophication and depletion of non renewable energy are poorly monetarised). 

Eventually, the development of a database of external cost factors applicable to LCI data (inputs and 
outputs occurring all along the life cycle of products and services) would be useful. The on-going DG 
Research RED project may give interesting inputs on that issue. 

22..33..44  EEnnvviirroonnmmeennttaall  TTaaxxeess    

The use of environmental taxes to assess the level of internalisation of external costs entails specific 
difficulties in such an LCA-based, macro-economic and European study, including: 

� LCA-based study: a difficulty has to do with the lack of available tax data in a format compatible 
with LCA (tax data are necessary for inputs and outputs quantified in life cycle inventories). 

� Macro-economic study: another difficulty is linked to existing exemptions and subsidies applying to 
some categories and some flows. 

� European dimension of the study: the fact that environmental taxes vary according to the country 
requires a country-based analysis. 

In this study, three countries were considered and, for each of them, a catalogue of taxes in a format 
compatible with LCA was established. Although this task required important efforts, the results are still 
improvable. 

Besides, existing exemptions and variety of rates were taken into account through a range: the min 
corresponds to the minimum rates and the max corresponds to the maximum rates. And this range 
was applied to all the categories, without any distinction. 

                                                      
42  using impact factors 
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The next step would build a method to better take into account specific exemptions and subsidies 
applying to only some categories and flows. This work would require an important and dedicated 
research program. 

 

22..33..55  IIPPPP  IInnddiiccaattoorrss    

In this study, which constitutes one of the pioneer works in the IPP field due to its large scope and 
ambitious objectives, IPP indicators were developed and tested (see section  2 – Results): 

� two indicators to characterise the representativeness of the results (see section  1.2.2), 

� several environmental indicators (see section  1.3.2.5), 

� six key indicators about external costs and their internalisation (see section  1.3.4.2.3). 

They only constitute a first attempt to define indicators allowing: 

� to summarise the huge number of figures gathered in such a work, 

� to help key actors in their decision-making process. 

Further in-depth work is necessary to define more precisely relevant IPP indicators in order to satisfy 
decision-makers expectations and in the same time take into account the uncertainties which are still 
important for several basis data. 

 

22..33..66  TTeemmppoorraall  DDiimmeennssiioonn    

The purpose of this study was a first description of the today's situation, which constituted a great 
challenge.  

In view of defining an IPP policy, this can just constitute a starting point. A prospective evaluation, 
taking into account the possible evolutions of technologies in the mid term, will have to be integrated. 
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11  AAPPPPEENNDDIIXX  11::  SSOOMMEE  EEXXIISSTTIINNGG  CCLLAASSSSIIFFIICCAATTIIOONNSS  OOFF  
PPRROODDUUCCTTSS  //  SSEERRVVIICCEESS  OORR  AACCTTIIVVIITTIIEESS  

11..11  CCOOIICCOOPP::  CCLLAASSSSIIFFIICCAATTIIOONN  OOFF  IINNDDIIVVIIDDUUAALL  CCOONNSSUUMMPPTTIIOONN  BBYY  PPUURRPPOOSSEE  

This is one of the ‘reference classification’43 in the family of international classifications. 

01 -  Food and non-alcoholic beverages 

02 -  Alcoholic beverages, tobacco and narcotics 

03 -  Clothing and footwear 

04 -  Housing, water, electricity, gas and other fuels 

05 -  Furnishings, household equipment and routine household maintenance 

06 -  Health 

07 -  Transport 

08 -  Communication 

09 -  Recreation and culture 

10 -  Education 

11 -  Restaurants and hotels 

12 -  Miscellaneous goods and services 

11..22  CCPPAA::  SSTTAATTIISSTTIICCAALL  CCLLAASSSSIIFFIICCAATTIIOONN  OOFF  PPRROODDUUCCTTSS  BBYY  AACCTTIIVVIITTYY  IINN  TTHHEE  
EEUURROOPPEEAANN  EECCOONNOOMMIICC  CCOOMMMMUUNNIITTYY  

A  Products of agriculture, hunting and forestry 

B  Fish and other fishing products; services incidental to fishing 

C  Products from mining and quarrying 

D  Manufactured products 

E  Electrical energy, gas, steam and hot water 

F  Construction work 

G  Wholesale and retail trade services; repair services of motor vehicles, motorcycles and 
personal and household goods 

H  Hotel and restaurant services 

I  Transport, storage and communication services 

                                                      
43  Reference Classifications are products of international agreements approved by the United Nations Statistical 

Commission. 
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J  Financial intermediation services 

K  Real estate, renting and business services 

L  Public administration and defence services; compulsory social security services 

M  Education services 

N  Health and social work services 

O  Other community, social and personal services 

P  Private households with employed persons 

Q  Services provided by extra-territorial organisations and bodies 

11..33  NNAACCEE::  SSTTAATTIISSTTIICCAALL  CCLLAASSSSIIFFIICCAATTIIOONN  OOFF  EECCOONNOOMMIICC  AACCTTIIVVIITTIIEESS  IINN  TTHHEE  
EEUURROOPPEEAANN  CCOOMMMMUUNNIITTYY  

A  Agriculture, hunting and forestry 

B  Fishing 

C  Mining and quarrying 

D  Manufacturing 

E  Electricity, gas and water supply 

F  Construction 

G  Wholesale and retail trade; repair of motor vehicles, motorcycles and personal and household 
goods 

H  Hotels and restaurants 

I  Transport, storage and communication 

J  Financial intermediation 

K  Real estate, renting and business activities 

L  Public administration and defence; compulsory social security 

M  Education 

N  Health and social work 

O  Other community, social and personal service activities 

P  Private households with employed persons 

Q  Extra-territorial organisations and bodies 
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11..44  SSIITTCC::  SSTTAANNDDAARRDD  IINNTTEERRNNAATTIIOONNAALL  TTRRAADDEE  CCLLAASSSSIIFFIICCAATTIIOONN  

This is one of the ‘derived classification’44 in the family of international classifications. 

0 - Food and live animals 

1 - Beverages and tobacco 

2 - Crude materials, inedible, except fuels 

3 - Mineral fuels, lubricants and related materials 

4 - Animal and vegetable oils, fats and waxes 

5 - Chemicals and related products, n.e.s. 

6 - Manufactured goods classified chiefly by material 

7 - Machinery and transport equipment 

8 - Miscellaneous manufactured articles 

9 - Commodities and transactions not classified elsewhere in the SITC 

I - Gold, monetary 

II - Gold coin and current coin 

11..55  UUNNEESSCCOO  BBAASSIICC  HHUUMMAANN  NNEEEEDDSS  

The UNESCO defines basic human needs as ‘the minimum requirements for a decent standard of life: 
adequate food, shelter, clothing, community services. They also include needs relating to human 
rights, public participation in decision-making, productive employment.’ 

Basic needs listed by the UNESCO: 

� Educational needs 

� Food 

� Housing needs 

� Human development 

� Human rights 

� Living conditions 

� Participatory development 

� Poverty alleviation 

� Quality of life 

 

                                                      
44  Derived Classifications are based on Reference Classifications, but may be enlarged or rearranged. 
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22  AAPPPPEENNDDIIXX  22::  EEXXIISSTTIINNGG  MMEETTHHOODDSS  TTOO  MMOONNEETTAARRIISSEE  
EEXXTTEERRNNAALL  EENNVVIIRROONNMMEENNTTAALL  IIMMPPAACCTTSS  

As existing monetarisation methods are dependent on their social and cultural references, we focused 
our attention on European studies, or, when European valuations were not available, on valuations 
made in the United States, Canada, or Australia, that are socially and culturally rather similar to 
European countries. 

Five main45 approaches to valuate environmental goods and services can be indicated. Two of them 
are based on the observation or evaluation of the expenditures related to environmental purposes. 
The three others are based on the measure of the willingness of consumers to pay for. 

PPrriinncciippllee  ooff  SSoommee  MMaaiinn  EEnnvviirroonnmmeennttaall  IImmppaaccttss  MMoonneettaarryy  VVaalluuaattiioonn  MMeetthhooddss    

Method Principle Type of data on which the 
method is based 

Preventive expenditures or 
Avoiding costs method 

Observation of expenditures made in an attempt 
to avert damages from pollution (e.g. process 
fumes filters) 

Restoration costs or 
Replacement costs method 

Observation of the cost of replacing or restoring a 
damaged environmental asset to its original state 
and use of this cost as a measure of the benefit 
of restoration 

 
 
 

Expenditures observation or 
evaluation 

Hedonic prices The price of a marketed good (e.g. a house) is 
related to its characteristics or the service it 
provides (e.g. limiting the exposure to noise) 

Contingent valuation Measure of how much people would be willing to 
pay for various reductions of environmental 
impacts 

Travel costs People going to a leisure resort (e.g. a forest), 
achieve a trade-off between the satisfaction they 
get from using the leisure resort and the cost of 
the travel 

 

 

Measure of the willingness of 
consumers to pay for 

The Impact pathway approach (also called Dose-response or Damage costs approach) sits between 
life cycle assessment and valuation. It is based on the use of a damage functions to link an 
environmental alteration to its consequences (e.g. on health) and then the imputation of the costs of 
these consequences to the environmental damage. In particular contingent valuation, preventive and 
restorative expenditures provide the data that are used for valuation in the impact pathway approach.  

                                                      
45  Other approaches exist, such as top-down approaches, which are not listed here. 
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22..11  PPRREEVVEENNTTIIVVEE  EEXXPPEENNDDIITTUURREESS  MMEETTHHOODD  OORR  AAVVOOIIDDIINNGG  CCOOSSTT  MMEETTHHOODD  

Principle: The method consists of an observation of expenditures made in an attempt to avert 
damages from pollution. This technique examines actual expenditures in order to determine the 
importance individuals, firms or state institutions attach to environmental and health impacts. 

Hypothesis: There is no secondary benefits associated with the expenditures. 

Uses: This method is limited to cases where households, firms or state authorities, spend money to 
offset environmental hazards, but these can be important (for example noise insulation expenditures, 
installation of catalytic convertors, improving safety measures against toxic chemical spills in storage, 
factory use, transportation, diverting a road out of a site of special environmental value). It has not 
been used to estimate non-use values though arguable that payments to some wildlife societies can 
be interpreted as insurance payments for conservation. 

Method: Expenditures undertaken and designed to offset some environmental risk need to be 
identified and accounted. Technique needs to be managed by experts as significant econometric 
modelling is usually required. 

Advantages: It is an easy way to evaluate the minimum costs of the environmental problems studied. 

Drawbacks: Actual expenditures may be constrained by income or budget. 

22..22  RREESSTTOORRAATTIIOONN  CCOOSSTTSS  MMEETTHHOODD  OORR  RREEPPLLAACCEEMMEENNTT  CCOOSSTTSS  MMEETTHHOODD  

Principle: This technique looks at the cost of replacing or restoring a damaged environmental asset to 
its original state and uses this cost as a measure of the benefit of restoration. Information on 
replacement costs can be obtained from direct observation of actual spending (of individual, firm or 
state institutions) on restoring damaged assets or from professional estimates of what it costs to 
restore the asset.  

Hypothesis: This method doesn’t provide strict measure of economic values; instead, it assumes that 
the costs of restoring environmental goods or services provide useful estimates of the values of these 
environmental goods or services. 

Uses: This approach is widely used because it is often relatively easy to find estimates of such costs. 
It is for example useful for estimating benefits of water quality. 

Method: The first step is to assess the environmental services provided. The second step is to account 
the expenditures made to restore these services, or the expenditures people should make if they want 
to restore it (and then, expenditures are estimated, according to the costs of actions that are needed 
to restore it). 
Advantages: It is easier to measure the costs of producing benefits than the benefits themselves when 
goods and services are non-marketed, as in the case of environmental goods. The method is not very 
data- and resource-intensive (so it is usually very inexpensive). It provides surrogate measures of 
value that are as consistent as possible with the economic concept of use value, for services which 
may be difficult to value by other means. 

Drawbacks: The environmental goods or services being restored represent only a portion of the full 
range of benefits provided by the natural resource. Measuring costs thus only provides part of the 
target valuation. 
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22..33  DDOOSSEE--RREESSPPOONNSSEE  AAPPPPRROOAACCHH  OORR  IIMMPPAACCTT  PPAATTHHWWAAYY  MMEETTHHOODD  OORR  DDAAMMAAGGEE  
CCOOSSTTSS  MMEETTHHOODD  

Principle: This approach uses a damage function to link an environmental alteration to its 
consequences (on health for example), and imputes the costs of these consequences to the 
environmental damage. 

Hypothesis: The consequences studied are really and only due to the environmental alteration. 

Uses: This technique is used extensively where dose-response relationships between some cause of 
damage, such as pollution, and impacts are known. For example, it is used to look at the effect of 
pollution on health, physical depreciation of material assets such as metal and buildings, aquatic 
ecosystems, vegetation and soil erosion. 

Method: The damage function is statistically estimated by relating series of pollution indicators with 
series of studied impact indicators, relating physical/biological changes in the ambient environment to 
the level of the cause of the change. A monetary value is then associated to this function, by 
assessing in monetary terms the impact indicators (using when necessary other methods). In 
particular, as one of the mainly used indicator is the number of deaths due to pollution, it is necessary 
to estimate the cost of these deaths (it is to say, the willingness to pay to save these lives). Many 
studies give different results for that cost, according to various methods to calculate it. Two main 
methods are used in studies. The first gives the value of statistical life (VSL); the ExternE reports use 
a European-wide value of 3,1 M€. The second method gives the value of cumulative reduction in 
lifetime expectancy, based on the value of a year of lost life (YOLL); the ExternE reports use 0,083 M€ 
for chronic mortality and 0,155 M€ for acute mortality. 

Advantages: When individuals are unaware of the impact on utility of a change in environmental 
quality then direct valuation is an appropriate measure and so dose-response procedures, which do 
not rely on individuals preferences, can be used. And, if the damage functions already exist, this 
method can be very inexpensive, with low time demands and yet provide reasonable first 
approximations to the true economic value measures. 

Drawbacks: The major limitation is related to the value of statistical life. Many techniques exist to 
estimate this value, giving very different results. Work is continuing in this area to explore how VOSL 
varies according to context. 
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22..44  HHEEDDOONNIICC  PPRRIICCEESS  MMEETTHHOODD  

Principles: It supposes that the price of a marketed good is related to its characteristics, or the 
services it provides. If we take, for instance, the case of noise, it is clear that the degree of exposure to 
noise is an important component in the price of houses or flats.  

Hypothesis: It is assumed that the context is perfect market, where people are completely aware of the 
linkages between the environmental attribute and benefits to them or their property, and have the 
opportunity to select the combination of features they prefer, given their income. 

Uses: The method is most often used to value environmental amenities (such as aesthetic views or 
proximity to recreational sites) or environmental quality (air pollution, water pollution or noise) that 
affect the price of residential properties. 

Method: The first step is to collect data on residential property sales (selling prices and locations, 
property characteristics, neighbourhood characteristics, accessibility characteristics and environmental 
characteristics). The second step is to statistically estimate a function that relates property values to 
the property characteristics. The resulting function measures the portion of the property price that is 
attributable to each characteristic. 

Advantages: Estimated values are based on actual choices. Property records are typically very 
reliable. Data on property sales and characteristics are readily available through many sources. The 
method can be adapted to consider several possible interactions between market goods and 
environmental quality. 

Drawbacks: High sensitivity to omission of variables or choice of non relevant variables. This method 
is limited to the set of environmental services that can be capitatured by residents through their choice 
of residential location. It is relatively complex to implement and interpret, requiring a high degree of 
statistical expertise.  The results depend heavily on model specification. 

22..55  TTRRAAVVEELL  CCOOSSTT  MMEETTHHOODD  

Principle: The idea is that people going to a leisure resort, such as a forest, achieve a trade-off 
between the satisfaction they get from using the leisure resort and the cost of the travel.  

Hypothesis: Changes in the quantities consumed of a complementary market good, i.e. travel to the 
site, reflect the demand for nonmarket recreational services.  

Uses: This method, akin to hedonic prices, is mostly used for the value of leisure resorts, in particular 
for the value of natural settings. 

Method: First, a detailed sample survey is made at the entrance of the setting, about where the visitors 
come from, what means of transport they use, how often they come and possibly socio-cultural 
characteristics. The result is a frequenting rate, decreasing function of the travel costs. It is then 
assumed that people are indifferent between a travel costs rise and an entrance payment. By 
instituting fictitious entrance payments that are added to the travel costs, we can deduct a visit curve, 
function of the entrance payments, that is in reality the demand curve of the setting. 

Advantages: The measured values are based on the actual choices of people. This method gives 
relatively reliable results; it is theoretically correct, but complicated where there are competing sites 
and multi-purpose trips. 
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Drawbacks: The visitor may make this travel in order to visit several settings; so, only a part of the 
travel costs might be attributable to the specific site. Visiting this setting may be the only activity 
proposed in the area, so people come to this setting, not really by choice, but because they have 
nothing to do instead. 

22..66  CCOONNTTIINNGGEENNTT  VVAALLUUAATTIIOONN  MMEETTHHOODD  

Principle: It consists in interviewing directly a sample of people to express how much they would be 
willing to pay for various reductions of environmental impacts. 

Hypothesis: People express their actual willingness to pay. 

Uses: many possible uses. 

Method: The method involves setting up a carefully worded questionnaire which asks people their 
WTP and/or WTA through structured questions. Various forms of ‘bidding game’ can be devised 
involving ‘yes/no’ answers to questions and statements about maximum WTP. Resulting survey 
results need econometric analysis to derive mean values of WTP bids. Literature tends to suggest that 
most sensible results come from cases where respondents are familiar with the asset being ‘valued’. 

Advantages: Its flexibility which enables it to be applied to estimate use benefits associated with any 
one or all ecosystem services, as well as non-use benefits (so, with this method, we can also estimate 
non-use value, which is not possible with the others). It is a widely accepted method, because, among 
other reasons, people are directly consulted. 

Drawbacks: The main limitation is that responses to hypothetical questions may not reflect what 
people would actually pay for the resource in a real economic or policy choice setting (strategic bias). 
There is also an information bias, due to the fact that individuals are not always well informed about 
the environment, and, as it is moreover unusual for them to evaluate the price of the environment, they 
may give figures that are not coherent with real choices (hypothetical bias). 
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33  AAPPPPEENNDDIIXX  33::  CCHHAARRAACCTTEERRIISSAATTIIOONN  FFAACCTTOORRSS  UUSSEEDD  
FFOORR  EENNVVIIRROONNMMEENNTTAALL  IIMMPPAACCTTSS  EEVVAALLUUAATTIIOONN  

Depletion of non renewable resources (kg antimony eq.) 
(r) Bauxite (Al2O3, ore) kg 2.10E-09
(r) Chromium (Cr, in ore) kg 8.58E-04
(r) Coal (in ground) kg 1.34E-02
(r) Copper (Cu, in ore) kg 2.20E-05
(r) Iron (Fe, in ore) kg 8.43E-08
(r) Iron (Fe, ore) kg 4.80E-08
(r) Lead (Pb, in ore) kg 1.35E-02
(r) Lignite (in ground) kg 6.71E-03
(r) Manganese (Mn, in ore) kg 1.38E-05
(r) Natural Gas (in ground) kg 1.87E-02
(r) Nickel (Ni, in ore) kg 1.08E-04
(r) Oil (in ground) kg 2.01E-02
(r) Phosphate Rock (in ground) kg 8.44E-05
(r) Silver (Ag, in ore) kg 1.84E+00
(r) Sulphur (S, in ground) kg 3.58E-04
(r) Uranium (U, ore) kg 2.87E-03
(r) Zinc (Zn, in ore) kg 9.92E-04

 
IPCC-Greenhouse effect  (g eq. CO2) 
 (direct, 100 years) (direct, 20 years) (direct, 500 years) 
(a) Carbon Dioxide (CO2, fossil) g 1 1 1 
(a) Carbon Tetrafluoride (CF4) g 5700 3900 8900 
(a) CFC 11 (CFCl3) g 4600 6300 1600 
(a) CFC 114 (CF2ClCF2Cl) g 9800 7500 8700 
(a) CFC 12 (CCl2F2) g 10600 10200 5200 
(a) CFC 13 (CF3Cl) g 14000 10000 16300 
(a) Halon 1301 (CF3Br) g 6900 7900 2700 
(a) HCFC 22 (CHF2Cl) g 1700 4800 540 
(a) Methane (CH4) g 23 62 7 
(a) Nitrous Oxide (N2O) g 296 275 156 
 
CML-Stratospheric Ozone Depletion (g eq CFC11) 
(a) CFC 11 (CFCl3) g 1
(a) CFC 114 (CF2ClCF2Cl) g 0.85
(a) CFC 12 (CCl2F2) g 0.82
(a) Halon 1301 (CF3Br) g 12
(a) HCFC 22 (CHF2Cl) g 0.034
 
Air Acidification (g SO2 eq.) 
(a) Ammonia (NH3) g 1.6
(a) Nitrogen Oxides (NOx as NO2) g 0.5
(a) Sulphur Oxides (SOx as SO2) g 1.2
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Photochemical oxidation (g ethylene eq.) 
(a) Acetaldehyde (CH3CHO) g 0.65 
(a) Acetic Acid (CH3COOH) g 0.16 
(a) Acetone (CH3COCH3) g 0.18 
(a) Acetylene (C2H2) g 0.28 
(a) Alcohol (unspecified) g 0.44 
(a) Aldehyde (unspecified) g 0.75 
(a) Alkane (unspecified) g 0.6 
(a) Alkene (unspecified) g 0.91 
(a) Aromatic Hydrocarbons (unspecified) g 0.96 
(a) Benzene (C6H6) g 0.33 
(a) Butane (n-C4H10) g 0.6 
(a) Butene (1-CH3CH2CHCH2) g 1.13 
(a) Carbon Monoxide (CO) g 0.027 
(a) Ethane (C2H6) g 0.14 
(a) Ethanol (C2H5OH) g 0.45 
(a) Ethyl Benzene (C6H5C2H5) g 0.81 
(a) Ethylene (C2H4) g 1 
(a) Formaldehyde (CH2O) g 0.55 
(a) Halogenated Hydrocarbons (unspecified) g 0.11 
(a) Heptane (C7H16) g 0.77 
(a) Hexane (C6H14) g 0.65 
(a) Hydrocarbons (except methane) g 0.42 
(a) Hydrocarbons (unspecified) g 0.38 
(a) Methane (CH4) g 0.034 
(a) Methanol (CH3OH) g 0.21 
(a) Nitrogen Oxides (NOx as NO2) g 0.028 
(a) Pentane (C5H12) g 0.62 
(a) Polycyclic Aromatic Hydrocarbons (PAH, unspecified) g 0.96 
(a) Propane (C3H8) g 0.41 
(a) Propionaldehyde (CH3CH2CHO) g 0.75 
(a) Sulphur Oxides (SOx as SO2) g 0.048 
(a) Toluene (C6H5CH3) g 0.77 
(a) VOC (Volatile Organic Compounds) g 0.38 
 
CML-Eutrophication (water) (g eq. PO4) 
(w) Ammonia (NH4+, NH3, as N) g 0.35
(w) COD (Chemical Oxygen Demand) g 0.022
(w) Nitrate (NO3-) g 0.1
(w) Nitrite (NO2-) g 0
(w) Nitrogenous Matter (Kjeldahl, as N) g 0.42
(w) Nitrogenous Matter (unspecified, as N) g 0.42
(w) Phosphates (PO4 3-, HPO4--, H2PO4-, H3PO4, as P) g 1
(w) Phosphorus (P) g 3.06
(w) Phosphorus Pentoxide (P2O5) g 1.336
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Problem oriented approach (CML, 1999) g 1,4-dichlorobenzene eq. 

 Aquatic 
ecotoxicity 

Human 
toxicity 

Sedimental 
ecotoxicity  

Terrestrial 
ecotoxicity  

(a) Ammonia (NH3) g   1.00E-01     
(a) Antimony (Sb) g 3.72E+00 6.71E+03 9.07E+00 6.11E-01 
(a) AOX (Adsorbable Organic Halogens) g 2.13E+06 1.93E+09 6.85E+06 1.20E+04 
(a) Aromatic Hydrocarbons (unspecified) g 8.37E-05 1.90E+03 6.36E-05 1.56E-05 
(a) Arsenic (As) g 4.95E+01 3.48E+05 1.27E+02 1.61E+03 
(a) Barium (Ba) g 4.28E+01 7.56E+02 9.68E+01 4.86E+00 
(a) Benzene (C6H6) g 8.37E-05 1.90E+03 6.36E-05 1.56E-05 
(a) Benzo(a)pyrene (C20H12) g 8.78E+01   2.52E+02 2.41E-01 
(a) Beryllium (Be) g 1.71E+04 2.27E+05 2.01E+04 1.77E+03 
(a) Cadmium (Cd) g 2.89E+02 1.45E+05 7.42E+02 8.12E+01 
(a) Carbon Disulphide (CS2) g 3.30E-02   2.70E-02 5.14E-03 
(a) Chromium (Cr III, Cr VI) g 1.92E+00   4.93E+00 3.03E+03 
(a) Cobalt (Co) g 6.39E+02 1.75E+04 1.06E+03 1.09E+02 
(a) Copper (Cu) g 2.22E+02 4.30E+03 5.55E+02 6.99E+00 
(a) Dioxins (unspecified) g 2.13E+06 1.93E+09 6.85E+06 1.20E+04 
(a) Dust g   8.20E-01     
(a) Ethyl Benzene (C6H5C2H5) g 1.31E-04 9.73E-01 8.75E-05 1.43E-06 
(a) Ethylene (C2H4) g 1.43E-11 6.37E-01 8.98E-12 1.35E-12 
(a) Formaldehyde (CH2O) g 8.26E+00 8.31E-01 4.47E+00 9.40E-01 
(a) Hydrogen Chloride (HCl) g   5.00E-01     
(a) Hydrogen Fluoride (HF) g 4.64E+00 2.85E+03 3.77E+00 2.95E-03 
(a) Hydrogen Sulphide (H2S) g   2.20E-01     
(a) Lead (Pb) g 2.40E+00 4.67E+02 6.15E+00 1.57E+01 
(a) Mercury (Hg) g 3.17E+02 6.01E+03 8.12E+02 2.83E+04 
(a) Metals (unspecified) g 4.95E+01 6.01E+03 1.27E+02 1.61E+03 
(a) Molybdenum (Mo) g 9.73E+01 5.43E+03 2.15E+02 1.75E+01 
(a) Nickel (Ni) g 6.29E+02 3.50E+04 1.61E+03 1.16E+02 
(a) Nitrogen Oxides (NOx as NO2) g   1.20E+00     
(a) Particulates (unspecified) g   8.20E-01     
(a) Phenol (C6H5OH) g 1.52E+00 5.18E-01 5.61E-01 3.31E-03 
(a) Polycyclic Aromatic Hydrocarbons (PAH, 
unspecified) g 1.72E+02 5.72E+05 5.56E+02 1.02E+00 

(a) Selenium (Se) g 5.46E+02 4.77E+04 6.35E+02 5.35E+01 
(a) Sulphur Oxides (SOx as SO2) g   9.60E-02     
(a) Thallium (Tl) g 1.55E+03 4.32E+05 3.93E+03 3.40E+02 
(a) Tin (Sn) g 2.54E+00 1.73E+00 1.30E+00 1.44E+01 
(a) Toluene (C6H5CH3) g 7.04E-05 3.27E-01 5.04E-05 1.59E-05 
(a) Vanadium (V) g 1.73E+03 6.24E+03 4.14E+03 6.65E+02 
(a) Xylene (C6H4(CH3)2) g 9.31E-05 1.25E-01 7.44E-05 1.27E-06 
(a) Zinc (Zn) g 1.78E+01 1.04E+02 4.56E+01 1.20E+01 
(s) Arsenic (As) g 1.34E+02 1.02E+03 3.44E+02 3.34E+03 
(s) Cadmium (Cd) g 7.76E+02 6.67E+01 1.99E+03 1.67E+02 
(s) Chromium (Cr III, Cr VI) g 5.25E+00 3.00E+02 1.35E+01 6.30E+03 
(s) Cobalt (Co) g 1.71E+03 5.91E+01 2.83E+03 2.23E+02 
(s) Copper (Cu) g 5.95E+02 1.25E+00 1.49E+03 1.44E+01 
(s) Lead (Pb) g 6.53E+00 2.93E+02 1.67E+01 3.25E+01 
(s) Mercury (Hg) g 8.48E+02 1.08E+03 2.17E+03 5.60E+04 
(s) Nickel (Ni) g 1.69E+03 1.98E+02 4.32E+03 2.39E+02 
(s) Zinc (Zn) g 4.77E+01 4.22E-01 1.22E+02 2.46E+01 
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Problem oriented approach (CML, 1999) g 1,4-dichlorobenzene eq. 

 Aquatic 
ecotoxicity 

Human 
toxicity 

Sedimental 
ecotoxicity  

Terrestrial 
ecotoxicity  

(w) AOX (Adsorbable Organic Halogens) g 1.73E+08 8.58E+08 5.56E+08 5.87E+02 
(w) Aromatic Hydrocarbons (unspecified) g 9.14E-02 1.83E+03 6.95E-02 1.37E-05 
(w) Arsenic (As3+, As5+) g 2.07E+02 9.51E+02 5.29E+02 1.04E-17 
(w) Barium (Ba++) g 2.28E+02 6.30E+02 5.15E+02 5.08E-19 
(w) Benzene (C6H6) g 9.14E-02 1.83E+03 6.95E-02 1.37E-05 
(w) Cadmium (Cd++) g 1.52E+03 2.29E+01 3.90E+03 1.42E-20 
(w) Chloroform (CHCl3, HC-20) g 4.23E-02 1.25E+01 2.18E-02 3.92E-05 
(w) Chromium (Cr III) g 6.91E+00 2.05E+00 1.77E+01 2.27E-19 
(w) Chromium (Cr III, Cr VI) g 2.77E+01 2.05E+00 7.09E+01 2.27E-19 
(w) Chromium (Cr VI) g 2.77E+01 3.42E+00 7.09E+01 2.27E-19 
(w) Cobalt (Co I, Co II, Co III) g 3.41E+03 9.67E+01 5.64E+03 2.69E-18 
(w) Copper (Cu+, Cu++) g 1.16E+03 1.34E+00 2.90E+03 4.06E-21 
(w) Ethyl Benzene (C6H5C2H5) g 5.46E-01 8.27E-01 3.64E-01 1.19E-06 
(w) Formaldehyde (CH2O) g 2.81E+02 3.71E-02 1.52E+02 1.56E-03 
(w) Lead (Pb++, Pb4+) g 9.62E+00 1.23E+01 2.47E+01 4.77E-22 
(w) Mercury (Hg+, Hg++) g 1.72E+03 1.43E+03 4.40E+03 9.30E+02 
(w) Metals (unspecified) g 2.07E+02 1.43E+03 5.29E+02 1.04E-17 
(w) Methylene Chloride (CH2Cl2, HC-130) g 1.23E-02 1.84E+00 8.85E-03 3.90E-06 
(w) Molybdenum (Mo II, Mo III, Mo IV, Mo V, Mo VI) g 4.76E+02 5.51E+03 1.05E+03 2.31E-18 
(w) Nickel (Ni++, Ni3+) g 3.24E+03 3.31E+02 8.28E+03 1.03E-18 
(w) Phenol (C6H5OH) g 2.37E+02 4.92E-02 8.77E+01 2.49E-06 
(w) Polycyclic Aromatic Hydrocarbons (PAH, 
unspecified) g 2.75E+04 2.80E+05 8.92E+04 2.12E-03 

(w) Selenium (Se II, Se IV, Se VI) g 2.92E+03 5.60E+04 3.40E+03 1.55E-17 
(w) Tetrachloroethylene (C2Cl4) g 6.96E-01 5.72E+00 6.66E-01 7.94E-03 
(w) Tin (Sn++, Sn4+) g 1.02E+01 1.73E-02 5.20E+00 7.86E-22 
(w) Toluene (C6H5CH3) g 2.95E-01 3.03E-01 2.11E-01 1.42E-05 
(w) Trichloroethane (1,1,1-CH3CCl3) g 1.10E-01 1.62E+01 9.04E-02 1.75E-04 
(w) Trichloroethylene (CCl2CHCl) g 9.70E-02 3.35E+01 8.20E-02 4.59E-06 
(w) Vanadium (V3+, V5+) g 8.97E+03 3.16E+03 2.14E+04 1.02E-17 
(w) Xylene (C6H4(CH3)2) g 5.65E-01 4.25E-01 4.51E-01 1.17E-06 
(w) Zinc (Zn++) g 9.17E+01 5.84E-01 2.35E+02 2.53E-21 
 
Years Of Lost Life 
(a) Dust g 5.67E-08
(a) Hydrocarbons (except methane) g 1.2E-09
(a) Hydrocarbons (unspecified) g 1.2E-09
(a) Nitrogen Oxides (NOx as NO2) g 4.49E-08
(a) Particulates (unspecified) g 5.67E-08
(a) Sulphur Oxides (SOx as SO2) g 3.02E-08
(a) VOC (Volatile Organic Compounds) g 1.2E-09
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Metals in air (g) 
(a) Aluminium (Al) g 1 
(a) Antimony (Sb) g 1 
(a) Cadmium (Cd) g 1 
(a) Chromium (Cr III, Cr VI) g 1 
(a) Cobalt (Co) g 1 
(a) Copper (Cu) g 1 
(a) Iron (Fe) g 1 
(a) Lanthanum (La) g 1 
(a) Lead (Pb) g 1 
(a) Manganese (Mn) g 1 
(a) Mercury (Hg) g 1 
(a) Metals (unspecified) g 1 
(a) Molybdenum (Mo) g 1 
(a) Nickel (Ni) g 1 
(a) Scandium (Sc) g 1 
(a) Thallium (Tl) g 1 
(a) Thorium (Th) g 1 
(a) Tin (Sn) g 1 
(a) Titanium (Ti) g 1 
(a) Uranium (U) g 1 
(a) Vanadium (V) g 1 
(a) Zinc (Zn) g 1 
(a) Zirconium (Zr) g 1 
Metals in soil 
(s) Aluminium (Al) g 1 
(s) Cadmium (Cd) g 1 
(s) Chromium (Cr III, Cr VI) g 1 
(s) Cobalt (Co) g 1 
(s) Copper (Cu) g 1 
(s) Iron (Fe) g 1 
(s) Lead (Pb) g 1 
(s) Manganese (Mn) g 1 
(s) Mercury (Hg) g 1 
(s) Nickel (Ni) g 1 
(s) Zinc (Zn) g 1 
Metals in water 
(w) Aluminium (Al3+) g 1 
(w) Aluminium Hydroxide (Al(OH)3) g 1 
(w) Arsenic (As3+, As5+) g 1 
(w) Cadmium (Cd++) g 1 
(w) Cerium (Ce++) g 1 
(w) Chromate (CrO4--) g 1 
(w) Chromium (Cr III) g 1 
(w) Chromium (Cr III, Cr VI) g 1 
(w) Chromium (Cr VI) g 1 
(w) Cobalt (Co I, Co II, Co III) g 1 
(w) Copper (Cu+, Cu++) g 1 
(w) Iron (Fe++, Fe3+) g 1 
(w) Lead (Pb++, Pb4+) g 1 
(w) Manganese (Mn II, Mn IV, Mn VII) g 1 
(w) Mercury (Hg+, Hg++) g 1 
(w) Metals (unspecified) g 1 
(w) Molybdenum (Mo II, Mo III, Mo IV, Mo V, Mo VI) g 1 
(w) Nickel (Ni++, Ni3+) g 1 
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(w) Rubidium (Rb+) g 1 
(w) Silver (Ag+) g 1 
(w) Tin (Sn++, Sn4+) g 1 
(w) Titanium (Ti3+, Ti4+) g 1 
(w) Vanadium (V3+, V5+) g 1 
(w) Zinc (Zn++) g 1 

 
Hazardous waste 
Waste (hazardous) kg 1 
Waste: Slags and Ash (unspecified) kg 1 
 
Municipal waste 
Waste (incineration) kg 1 
Waste (municipal and industrial) kg 1 
Waste (unspecified) kg 1 
Waste (unspecified, to incineration) kg 1 
Waste: Non Mineral (inert) kg 1 
Waste: Non Toxic Chemicals (unspecified) kg 1 
 
Inert waste 
Waste: Mineral (inert) kg 1 
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44  AAPPPPEENNDDIIXX  44::  BBRRIIEEFF  PPRREESSEENNTTAATTIIOONN  OOFF  TTHHEE  
MMOONNEETTAARRIISSAATTIIOONN  WWOORRKKSS  CCOONNSSIIDDEERREEDD  IINN  TTHHIISS  

SSTTUUDDIIEESS    

� ExternE 

The ExternE project is the first comprehensive attempt to use a consistent 'bottom-up' methodology to 
evaluate the external costs associated with a range of different fuel cycles. The European Commission 
launched the project in collaboration with the US Department of Energy in 1991. 

Impact assessment and valuation are performed using the « damage function » or « impact pathway » 
approach, assessing impacts in a logical manner, using the most appropriate models and data 
available. The applied methods include, among others, the use of simple statistical relationships (as in 
the case of occupational health effects), and the use of a series of complex models and databases (as 
in the cases of acid rain and global warming effects). In some cases, it has been possible to use 
market prices of goods and services to value a given impact (such as reduced crop yield, or reduced 
lifetime of paint on a building). In cases where the damaged good is not openly traded, such as human 
health or the aesthetic quality of a landscape, it has been necessary to use the results of alternative 
methods, such as contingent valuation or hedonic pricing. 

The results of the ExternE project are available on http://externe.jrc.es. 

� Spadaro & Rabl (1999) 

Spadaro & Rabl (1999) use monetary valuations as an evaluation step for LCA. The impact pathway 
analysis is applied to evaluate the impact of a pollutant. More than 98% of the damage costs are due 
to health effects. In this study, the value assumed per YOLL (Years Of Lost Life) is 0,084 M€ for 
chronic mortality, 0,155 M€ for acute mortality. For the cost of a cancer, the authors assume 1,5 M€, 
averaged in ExternE over fatal and non fatal cancers (ExternE, 1998). 

The results obtained by Spadaro & Rabl are presented in the following table: 
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Pollutant  Impact External cost in €/kg of 
pollutant 

PM2,5 (primary), cars, Paris mortality and morbidity 2190 
PM2,5 (primary), cars, Paris-Lyon mortality and morbidity 159 
PM2,5 (primary), cars, rural mortality and morbidity 21,5 
PM10 (primary) mortality and morbidity 15,4 
SO2 (primary) crops, material 0,3 
SO2 (primary) mortality and morbidity 0,3 
SO2 (via sulfates) mortality and morbidity 9,95 
NO2 (primary) mortality and morbidity small 
NO2 (via nitrates) mortality and morbidity 14,5 
NO2 (via O3) mortality and morbidity 1,15 
NO2 (via O3) crops 0,35 
VOC (via O3) crops, mortality and morbidity 0,9 
CO (primary) morbidity 0,002 
As (primary) cancer 171 
Cd (primary) cancer 20,9 
Cr (primary) cancer 140 
Ni (primary) cancer 2,87 
dioxins, TEQ cancer 18 500 000 
CO2 global warming 0,029 

� RDC-Environment & Pira International (2001) 

RDC Environment & Pira International (2001) is a study that aimed at evaluating costs and benefits for 
the achievement of reuse and recycling targets for the different packaging materials in the frame of the 
packaging and packaging waste directive 94/62/EC. The economic valuations was based on a variety 
of reports and documents. As far as possible, damage cost values were applied. However, when 
necessary, prevention costs were used. 

The monetary values used by RDC & Pira are presented in the following table: 
Impact  Unit  Valuation 
GWP (kg CO2 eq.) €/kg CO2 0,01344 
Ozone depletion (kg CFC11 eq.) €/kg CFC11 0,68 
Acidification  €/kg H+ 8,70 
Toxicity carcinogens (Cd equiv.) €/kg cadmium (carcinogenic effects only) 22 
Toxicity gaseous non carcinogens 
(SO2 equiv.) 

€/kg SO2 from electricity production 1 

Toxicity metals non carcinogens (Pb 
equiv.) 

€/kg Pb 62 

Toxicity particulates & aerosols 
(PM10 equiv.) 

€/kg PM10 from electricity production 24 

Smog (VOC) €/kg VOC 0,73 
Black smoke (kg dust equiv.) €/kg smoke 0,66 
Fertilisation  €/kg expressed as NO2 mass equivalents -0,7 
Traffic accident (risk equiv.) €/1000km travelled on an average road 17 
Traffic congestion (car km equiv.) € per 1000 car km equivalents 86 
Traffic noise (car km equiv.) € per 1000 car km equivalents 3 
Water quality eutrophication (P 
equiv.) 

€/kg P 4,7 

Disamenity (kg LF waste equiv.) €/kg waste in landfill 0,037 
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55  AAPPPPEENNDDIIXX  55::  EEXXTTEERRNNAALL  CCOOSSTT  FFAACCTTOORRSS  UUSSEEDD  IINN  
EEXXIISSTTIINNGG  SSTTUUDDIIEESS  FFOORR  MMOONNEETTAARRYY  VVAALLUUAATTIIOONN  

55..11  CCOONNVVEERRSSIIOONN  OOFF  AALLLL  TTHHEE  EEXXTTEERRNNAALL  CCOOSSTT  FFAACCTTOORRSS  IINNTTOO  AA  SSIINNGGLLEE  
CCUURRRREENNCCYY  

The currency we selected to give the data in is euros of the year 2000. 

To obtain this same unit for all data, we proceeded according to the following stages: 

� The data were converted in dollars of the same year, using the converter of the site 
http://www.oanda.com/converter at the date of 31/12 of the given year. For the data given in ECU 
(ExternE studies), we have used the conversion rate given in these studies: 1 ECU = 1.25 $ of 
1995. 

� In order to take into account inflation, we have had the dollar inflation table that gives as inflation 
conversion factors: 

 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 

2000 0.759 0.791 0.815 0.839 0.861 0.885 0.911 0.932 0.947 0.968 

Using this table, we converted the data in dollars of the year 2000. 

� Finally, the data were converted in euro of the year 2000, using the conversion rate given by the 
previously quoted site at the date of 31/12/2000: 1 $ = 1.06202 e. 

55..22  NNOONN--EEXXHHAAUUSSTTIIVVEE  LLIISSTT  OOFF  SSTTUUDDIIEESS  IIDDEENNTTIIFFIIEEDD  PPEERR  IIMMPPAACCTT  DDOOMMAAIINN    

AAiirr  EEmmiissssiioonnss  --  LLiisstt  ooff  SSttuuddiieess    

author (year) bibliography source of 
emission 
studied 

method used scale of the 
study 

Study 1 (1998) European Commission 
(Oct 2000) 

incineration health effects  

Coopers & Lybrand, 
CSERGE & EFTEC (1993) 

European Commission 
(Oct 2000) 

incineration and 
landfilling 

health effects + other 
quantifiable effects 

 

CSERGE (1993) European Commission 
(Oct 2000) 

landfilling based on Fankhauser  

ECON (1995) European Commission 
(Oct 2000) 

incineration and 
landfilling 

  

ETSU (1996) European Commission 
(Oct 2000) 

incineration health effects + other 
quantifiable effects 

 

RDC & Pira (2001) RDC-Environment & Pira 
International (2001) 

 damage cost estimates  

Eskeland (1994) Rietbergen, McCracken & 
Abaza (2000) 

 benefits of air pollution 
control 

Santiago, 
Chile 

ExternE (1998) ExternE (1998)  impact pathway method  
Johansson (1999) Johansson (1999)  based on Swedish taxes Sweden 
ME3 (1997) ME3 (1997)   Minnesota 
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WWaatteerr  EEmmiissssiioonnss  --  LLiisstt  ooff  SSttuuddiieess  

author (year) bibliography source of 
emission 
studied 

method used scale of 
the 

study 
ECON (1995) European Commission (Oct 

2000) 
landfilling control cost methodology  

Johansson (1999) Johansson (1999)  based on Swedish taxes Sweden 

 

SSooiill  EEmmiissssiioonnss  --    --  LLiisstt  ooff  SSttuuddiieess  

author (year) bibliography source of 
emission 
studied 

method used scale of 
the 

study 
ECON (1995) European Commission (Oct 

2000) 
landfilling control cost methodology  

 

WWaassttee  --  LLiisstt  ooff  SSttuuddiieess  

author (year) bibliography method used scale of the 
study 

CSERGE (1993) European Commission (Oct 2000)   
Miranda & Hale (1997) European Commission (Oct 2000)   
Cohen de Lara et Dron (1997) Cohen de Lara et Dron (1997)   
European Commission (2000) European Commission (2000)   
RDC & Pira (2001) RDC-Environment & Pira International (2001) damage cost 

estimates 
 

 

EEnneerrggyy  --  LLiisstt  ooff  SSttuuddiieess  

author (year) bibliography method used scale of the study
Pearce (1993) Pearce (1993)  USA 
ExternE studies of UE countries (1997 or 
1998) 

ExternE impact pathway method countries of the UE

 

NNooiissee  --  LLiisstt  ooff  SSttuuddiieess  

author (year) bibliography method used scale of the study
Barde and Pearce (1991) Barde and 

Pearce (1991) 
noise reduction costs Netherlands 
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NNaattuurraall  RReessoouurrcceess  --  LLiisstt  ooff  SSttuuddiieess  

author (year) bibliography method used scale of the 
study 

Rietbergen, McCracken 
and Abaza (2000) 

Rietbergen, McCracken and 
Abaza (2000) 

  

Swanson (1991) Pearce (1993)   
Drake (1992) Bateman & Willis (1999) CV Sweden 
Western & Thresher (1973) Pearce & Moran (1994)   
Fankhauser (1995) No author (1995)   
Titus (1992) No author (1995)   
Johansson (1999) Johansson (1999) based on Swedish taxes Sweden 
Titus et al (1991) No author (1995) based on US wetlands 

preservation programmes 
US 

Cline (1992) No author (1995)   
Costanza et al (1989) Pearce & Moran (1994) CV Louisiana 
Bergstrom et al (1990) Pearce & Moran (1994)  Louisiana 
de Groot (1992) Pearce & Moran (1994)  Galapagos 
Posner et al (1981) Pearce & Moran (1994)  Virgin Islands 

 

55..33  HHOOWW  TTHHEE  EEXXTTEERRNNAALL  CCOOSSTT  FFAACCTTOORRSS  UUSSEEDD  IINN  TTHHIISS  SSTTUUDDYY  WWEERREE  
SSEELLEECCTTEEDD  //  BBUUIILLDD  

55..33..11  AAiirr  EEmmiissssiioonnss    

55..33..11..11  GGlloobbaall  WWaarrmmiinngg  PPootteennttiiaall  

Concerning the estimation of global warming, uncertainties exist both in terms of scientific studies and 
in terms of economic valuation. The most substantial variation is due to the assumed discount rate. 
While economists can estimate social discount rates for a single nation, the relevant discount rate for 
the world as a whole is much more difficult and controversial. Here, the choice was made to keep the 
estimation given in the ExternE project: 0.019 – 0.048 €/kg CO2. This is the illustrative restricted range 
of the recommended global warming damage estimates for use in the ExternE national 
implementation studies. It is composed of the base-case estimates for the 1 and 3 % discount rates. 

55..33..11..22  AAcciiddiiffiiccaattiioonn  PPootteennttiiaall  

In ExternE national implementation studies, estimates of the external effects of SO2 emissions are 
calculated, giving an interval of 1.07 – 15.9 €/kg SO2. But these estimates include all the 
environmental impacts of SO2 emissions, and not only its impacts on acidification. 

It was therefore decided to use the results of Spadaro & Rabl (1999) and RDC-Environment & Pira 
International (2001). As these authors estimated acidification effects on different targets, a 
combination has been made in order to have a whole estimate (impacts on crops, material, forests 
and lakes). The result is 0,350 €/kg SO2. 
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In Spadaro & Rabl (1999), multipliers for variation with site (proximity of big city, local climatic 
conditions) and stack conditions (stack height, temperature, exhaust velocity) are proposed. For 
primary pollutants (such as SO2 for its impacts on acidification), these multipliers are 0,5 to 5 for site, 
0.6 to 3 for stack conditions. Applying the multipliers to the value of 0.350 €/kg SO2, the obtained 
results are: 0.11 – 5.25 €/kg SO2 

55..33..11..33  OOzzoonnee  DDeepplleettiioonn  PPootteennttiiaall  

The only available estimate for ozone depletion potential is given by RDC-Environment & Pira 
International (2001) in CFC11 equivalent: 0.68 €/kg CFC11. This is based on an estimated cost, 
associated with increased radiation, of 177 billion dollars and cumulative emissions of an estimated 
200 billion kg and should be considered as very approximate. This value was derived by Pira 
International. 

55..33..11..44  TTrrooppoosspphheerriicc  OOzzoonnee  CCrreeaattiioonn  

In LCA, the production of ozone in the troposphere is characterised in terms of ethylene equivalence. 
However, economic valuation of this impact is based on NOx emissions. 

NOx, which also contributes to the formation of low level ozone, is given in a value equivalent to 1.19 
kg ethylene eq./kg NOx in RDC-Environment & Pira International, 2001 and to 0.028 kg ethylene/kg 
NOx in CML, 2002. 

Impacts on tropospheric ozone creation of NOx emissions are estimated both within the framework of 
ExternE and in Spadaro & Rabl (1999). The results are quite the same: the first estimate is 1.56 €/kg 
NOx, the second one 1,5 €/kg NOx, distributed in 1,15 €/kg NOx from health impacts and 0,35 from 
impacts on crops.  

In Spadaro & Rabl (1999), multipliers for variation with site and stack conditions are also given for 
secondary pollutants: 0,5 to 2,0.  

The values considered are then:  
 Min Max 

Cost factors for NOx (ExternE) 1.56 €/kg NOx 
Multipliers for variation with 
site and stack conditions 
(Spadaro & Rabl) 

0.5 2 

Cost factors for NOx including 
multipliers 

1.56 x 0.5 = 0.78 €/kg NOx 1.56 x 2 = 3.12 €/kg NOx 

Impact factors 0.028 kg ethylene eq./kg Nox (CML) 
Cost factors for Ethylene  
(result of the calculation) 

0.78 / 0.028 =  
0.279 €/kg ethylene 

3.12 / 0.028 =  
111 €/kg ethylene 

55..33..11..55  PPaarrttiicclleess  EEmmiissssiioonnss    

Environmental impacts of particles emissions were estimated in the three studies. They were 
evaluated in the ExternE national implementation studies based on the impact pathway methodology 
and the ECOSENSE model; the interval of values is 1.39 – 59.3 €/kg particles. This interval was kept 
for this study. Estimates of the other two studies are about the same range of values : 24 €/kg PM10 in 
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RDC-Environment & Pira International (2001), refered to damages to human health by emissions 
arising from production processes and electricity generation, and 15.4 €/kg PM10 in Spadaro & Rabl 
(1999), of which more than 95% of the damage costs are health impacts. 

55..33..11..66  DDiiooxxiinnss  EEmmiissssiioonnss  

Impacts of dioxins emissions were monetarised in Spadaro & Rabl (1999), using the impact pathway 
method. The only impacts quantified were health impacts through cancers (for a population density of 
80 persons/km2). Non-inhalation pathways were taken into account in the calculation because dioxins 
are persistent and bioaccumulate, concentrated in milk, meat and fish. The estimate is nonetheless 
very uncertain and controversial. It is 18 500 000 €/kg TEQ, for all dioxins (as well as the closely 
related furans). A weak site variation exists, about 0.7 to 1.5.  

The interval of monetary estimates for dioxins emissions is therefore: 12.95 E+06 – 27.75 E+06 €/kg 
TEQ. 

55..33..22  WWaatteerr  EEmmiissssiioonnss    

55..33..22..11  EEuuttrroopphhiiccaattiioonn  PPootteennttiiaall  

Through the literature review, only one economic valuation is available on the eutrophication due to 
water emissions, in RDC-Environment & Pira International (2001). It is given in phosphor equivalent: 
4.7 €/kg P. 

This value is based on the costs of increased abatement capacity at sewage or industrial plants 
necessary to reduce these emissions. It is derived from Gren et al. (1996). 

55..33..22..22  EEmmiissssiioonnss  ooff  WWaassttee  WWaatteerr  

Not available. 

55..33..33  WWaassttee  

An overview of all the external effects from landfill and incineration of municipal solid waste is provided 
in European Commission (2000), a study launched by the European Commission and conducted by 
COWI. Economic assessments used in this study were identified through a literature review. 
Environmental external effects of waste management were estimated, taking into account global 
warming contribution, air pollution, leachate impacts, and disamenity effects. These main externalities 
were quantified according to typical scenarios for landfill disposal and incineration of waste in terms of 
physical impacts and monetary values, for old obsolete and new modern waste disposal plants. The 
results were expressed in terms of a range of values, thus including the considerable uncertainty. 

The values selected for the present study however only take into account one type of environmental 
impact, the disamenity effects, in order to prevent double counting in the final results.  

 
landfill incineration 

6 - 19 €/t 4 - 14 €/t 
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Caveats: The long-term effects especially from landfill sites, are highly difficult to consider today, due 
to the mere fact that such sites have not existed for very long. These data are therefore to be taken 
with caution, according to the warning mentioned in that COWI study: “there is no easy and 
straightforward answer as to whether incineration or landfill disposal is preferable from the point of 
view of external effects”. 

55..33..44  HHuummaann  TTooxxiicciittyy  DDuuee  ttoo  HHeeaavvyy  MMeettaallss  EEmmiissssiioonnss  

Among the different heavy metals, arsenic, cadmium, chrome and nickel are considered to be 
carcinogenic. Their carcinogenic toxicity was evaluated in Spadaro & Rabl (1999), based on the 
impact pathway methodology. Only the inhalation dose were taken into account. The results are:  

� Cd: 20.9 €/kg 

� Cr VI: 140 €/kg 

� Ni: 2.87 €/kg 

� As: 171 €/kg 

55..33..55  SSuummmmaarryy  ooff  EExxtteerrnnaall  CCoosstt  FFaaccttoorrss  UUsseedd  iinn  tthhiiss  SSttuuddyy  

In the following table, the estimations proposed in this study are summarised (second column). In 
addition, the results found in a wider literature are included (third column), in order to show the 
considerable differences that can be found depending on the sites studied and the methods applied in 
the different existing monetarisation studies.  
Impacts  Values proposed in this 

study 
Intervals of values 

from literature 
Unit 

emissions to air 
global warming potential 0,019 – 0,048 0,00034 – 0,058 €/kg CO2 equ. 
acidification potential 0,11E-03 – 5,25E-03 0,35E-03 – 12E-0346 €/g SO2 equ. 
ozone depletion 
potential 

0,68 0,68 €/kg CFC equ. 

tropospheric ozone 
creation 

0,66E-03 – 3,12E-03 1,35E-03 – 15,4E-0347 €/g ethylene equ. 

emissions of particulates 1,39E-03 – 59,3E-03 9,5E-03 – 28,7E-03 €/g PM10 
emission of dioxins 12,95 – 27,75 0,002 – 18,5 €/pg TEQ 
emissions to water 
eutrophication potential 4,7 4,7 €/kg P equ. 
waste 
landfilled waste 6 - 19 0 - 44 €/t 
incinerated waste 4 - 14 10 - 124 €/t 
human health 
human toxicity due to 
heavy metals emissions 

Cd: 20,9 
Cr VI: 140 
Ni: 2,87 
As: 171 

Cd: 18,3 – 81,4 
Cr VI: 123 – 819 
Ni: 2,53 – 16,8 
As: 150 - 999 

€/kg Cd 
€/kg Cr VI 

€/kg Ni 
€/kg As 

                                                      
46  This interval is to be taken with caution because impacts of SO2 emissions were not only evaluated for 

acidification. 
47  Results for NOx from literature were converted in g ethylene equivalent 
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Some remarks concerning the results:  

There is substantial literature and research on the quantification and valuation of the impacts and 
conventional air emissions and their resulting damages. Valuation results in this field can thus be 
taken as fairly robust, although they are of course still subject to uncertainties. These uncertainties are 
reflected in wide ranges of estimates. Other air emissions such as dioxins are, however, quantified 
relatively rarely.  

Concerning water emissions, very few attempts have been made to quantify and valuate their 
externalities. Pollution pathways of emissions to water are quite site specific (for example, largely 
dependent on groundwater reservoirs and receiving waters) and difficult to measure. Therefore, 
calculations on water externalities must be considered as highly uncertain. 
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55..44  NNOONN--EEXXHHAAUUSSTTIIVVEE  BBIIBBLLIIOOGGRRAAPPHHYY  AABBOOUUTT  MMOONNEETTAARRIISSAATTIIOONN    

55..44..11  SSttuuddiieess    

Austin, D., Krupnick, A., Burtraw, D., and Stoessell, T. (1998), The benefits of air pollutant emissions 
reductions in Maryland: results from the Maryland externalities screening and valuation model, 
Resources for the future, October. 

Banister, D. and Button, K., Transport, the environment and sustainable development, E & FN SPON. 

Banzhaf, H.S. (2002), Green prices indices, Resources for the future, March. 

Barde J.-P. and Pearce D.W. (1991), Valuing the environment: 6 case studies, Earthscan Publications 
Ltd, London. 

BeTa database developed for EC DG ENV and published in September 2002. 

Brown, K.A., Holland, M.R., Boyd, R.A., Sthresh, Jones, H., Ogilvie, S.M. (2000), Economic evaluation 
of PVC waste management, A report produced for European Commission Environment Directorate, 
June. 

Burtraw, D., Krupnick, A., Palmer, K., Paul, A., Toman, M., and Bloyd, C. (2001), Ancillary benefits of 
reduced air pollution in the United States from moderate greenhouse gas mitigation policies in the 
electricity sector, Resources for the future, December. 

Burtraw, D., Palmer, K., Bharvirkar, R., and Paul, A. (2001), Cost-effective reduction of NOx emissions 
from electricity generation, Resources for the future, July. 

Cohen de Lara Michel et Dron Dominique (1997), Evaluation économique et environnement dans les 
décisions publiques, Cellule de prospective et stratégie, La documentation française. 

Coker, A. and Richards, C. (1992), Valuing the environment, Economic approaches to environmental 
evaluation, Belhaven Press. 

Davis, D.L., Krupnick, A., and McGlynn, G. (no date), Ancillary benefits and costs of greenhouse gas 
mitigation, an overview. 

Dron Dominique et Cohen de Lara Michel (2000), Pour une politique soutenable des transports, 
Cellule de prospective et stratégie, La documentation française. 

Energy information administration (1995), Electricity generation and environmental externalities: case 
studies, Office of coal, nuclear, electric and alternate fuels, Coal and electric analysis branch, US 
department of energy, September. 

European Commission, DG Environment (2000), A study on the economic valuation of environmental 
externalities from landfill disposal and incineration of waste, October. 

European Commission, Directorate General XII (1998), ExternE – Externalities of energy, Science, 
Research and development. 
Since 1998, a continued research on external costs is being carried out by the European Commission 
under the ExternE banner.  For example, the Friedrich and Bickel report on transport externalities.  
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European Commission, DG XI (1998), Economic evaluation of air quality targets for tropospheric 
ozone, Part C = Economic benefit assessment, final report, November. 

European topic centre on waste (no date), Assessments – waste generation, recovery and disposal. 
Selected presentation. 

Fischer, T.B. (1999), Comparative analysis of environmental and socio-economic impacts in sea for 
transport related policies, plans, and programs, Environmental impact assessment review 
1999;19:275-303. 

Hanley, N. and Spash, C.L. (1993), Cost-benefit analysis and the environment, Edward Edgar. 

Hayashi, Y., Button, K., and Nijkamp, P. (1999), The environment and transport, Edward Elgar. 

Heijnes, H., van Brummelen, M., and Block, K. (1999), Reduction of the emissions of HFC’s, PFC’s 
and SF6 in the European Union, Final report, Commissioned by the European Commission, DG XI, 
April. 

Hohmeyer, O., Ottinger, R.L., and Rennings, K. (1996), Social costs and sustainability, Valuation and 
implementation in the energy and transport sector, Springer. 

Huang, Ju Chin and Smith, V.Kerry (1997), Montecarlo benchmarks for discrete response valuation 
methods, Resources for the future, February. 

Jenkins, R.R. (1993), The economics of solid waste reduction, The impact of user fees, Edward Elgar. 

Johansson Jessica (1999), A monetary valuation weighting method for LCA based on environmental 
taxes and fees, Master degree thesis in natural resources management, Sweden, 25 May. 

Lerer, L.B., and Scudder, T. (1999), Health impacts of large dams, Environmental impact assessment 
review 1999;19:113-123. 

Merlin Pierre (1997) Les transports en région parisienne, La documentation française. 

Navrud S. (1992), Pricing the European environment, Scandinavian University Press. 

No author (1995), Climate change 1995 – Economic and social dimensions of climate change, 
Contribution of working group III to the second assessment report of the intergovernmental panel on 
climate change. 

Pearce D. (1993), Economic values and the natural world, Earthscan Publications. 

Pearce D.W., Markandya A. (1989), Environmental policy benefits: monetary valuation, OECD, Paris 

Pearce D. and Moran D. (1994) The economic value of biodiversity, Earthscan Publications Ltd, 
London. 

Rabl, A. (1999), Air pollution and buildings: an estimation of damage costs in France, Environmental 
impact assessment review 1999;19:361-385. 

Rabl, Azapagic, Blin, Burzynska-Weis, Clift, Desaigues, Dresner, Gandara, Gilbert, Krüger Nielsen, 
Miller, Riera, Soguel, Sorensen, Spadaro, and van Griethuysen (2000), Risk quantification for 
industrial facilities as input to decision making, June. 
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Rabl, Azapagic, Blin, Burzynska-Weis, Clift, Desaigues, Dresner, Gandara, Gilbert, Krüger Nielsen, 
Miller, Riera, Soguel, Sorensen, Spadaro, and van Griethuysen (1999), Impact assessment and 
authorization procedure for installations with major environmental risks, July. 

RDC-Environment & Pira International (2001), Evaluation of costs and benefits for the achievement of 
reuse and recycling targets for the different packaging materials in the frame of the packaging and 
packaging waste directive 94/62/EC – proposed draft final report, May. 

Rendleman, C.M., and Spinelli, F.J. (1999), The costs and benefits of animal disease prevention: the 
case of African swine fever in the US, Environmental impact assessment review 1999;19:405-426. 

Rietbergen J., McCracken and Abaza H. (2000) Environmental valuation – A worldwide compendium 
of case studies, Earthscan Publications Ltd, London. 

Schreifels, J., Noble, M., and Hamilton, J.D. (1996), Global climate change and mercury pollution: 
issues in Minnesota’s environmental externalities decision, September. 

Swanson, T.M. (1996), The economics of environmental degradation, Tragedy for the commons? 
UNEP, Edward Elgar Publishing. 

Uri, N.D., Atwood J.D., and Sanabria J. (1998), An evaluation of the environmental costs and benefits 
of conservation tillage, Environmental impact assessment review 1998;18:521-550. 

55..44..22  WWeebbssiitteess  

http://www.me3.org/projects/costs/ 
Minnesotans for an energy-efficient economy (ME3) 

http://www.landecon.cam.ac.uk/eve/publ.html 
Environmental Valuation in Europe 

http://www.eia.doe.gov 
http://www.eia.doe.gov/cneaf/pubs_htm/rea/tablefe2.htm 
Selected externalities values used by State Public Utility Commissions 

http://www.eiolca.net 
Economic input-output life cycle assessment 

http://wbln0018.worldbank.org/environnement/EEI.nsf/all/Environmental+Valuation?OpenDocument 

http://www.rff.org 
Resources for the future 

http://sedac.ciesin.org/mva/iamcc.tg/articles/EP-abstracts/epmadisson.html 
A cost-benefit analysis of slowing climate change 

http://ExternE.jrc.es/reports.html 
Reports of Austria, Denmark, Finland, France, Germany, Greece, Ireland, Italy, the Netherlands, 
Portugal, Spain, Sweden and the United Kingdom. 
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66  AAPPPPEENNDDIIXX  66::  EENNVVIIRROONNMMEENNTTAALL  TTAAXXEESS  CCOONNSSIIDDEERREEDD  
FFOORR  DDEENNMMAARRKK,,  FFRRAANNCCEE  AANNDD  PPOOLLAANNDD  

66..11  TTAAXXEESS  OONN  NNAATTUURRAALL  RREESSOOUURRCCEESS  EEXXTTRRAACCTTIIOONN  

66..11..11  TTaaxxeess  oonn  AAggggrreeggaatteess  

Such taxes are frequently discussed in the context of promoting recycling materials. A tax on the 
extraction of primary material is expected to make recycling economically more viable. Furthermore, 
the extraction rate of non-renewable resources has given rise to concerns, at different times, for the 
sustainability of dependence on resource extraction. The linkage to waste taxes is therefore clear. A 
further link is that the absence of taxes or regulation on mineral resource extraction will inevitably lead 
to the presence of “holes in the ground”. Many countries are still dependent upon landfill as the 
principal means of waste disposal, and there are links between such dependence and the creation of 
void space for future landfilling. Taxes on mineral extraction can, therefore, have an indirect effect of 
waste disposal costs through tightening (in the longer-term) the supply of void space available for 
landfilling. 

Source: ECOTEC, 2001 

 
Denmark France Poland 
0,67€/m3 
i.e. 1,12 €/t gravel 

0,09€/t gravel 0 

66..11..22  TTaaxxeess  oonn  WWaatteerr  EExxttrraaccttiioonn  

Extraction taxes are relatively rare in the EU member states, and where they exist, they often reflect 
administrative payments. Abstraction charges, other than administrative fees, have been used for 
several decades in France and Spain for the financing of river basin management. The charge 
revenues are used for water management and administrated by special purpose agencies in water 
management. More pure abstraction taxes with a fiscal function have been in operation at regional 
level in Germany, and they have been introduced recently at the national level in Denmark (1993) and 
the Netherlands (1995). The two recent tax schemes differ considerably in scope and effective tax 
rate. While the Dutch tax is relatively low, it does not exempt industry. The Danish tax is quite high, but 
applies to households and some service businesses only. Both taxes exempt agriculture. 

source: ECOTEC 2001 
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Denmark France Poland 
831€/1000m3 abstraction: 

83€/1000m3 
distribution: 
21€/1000m3 (domestic use) 
12€/1000m3 (industrial and 
agricultural use) 

surface water: 
17€/1000m3 (energy and heat 
production) 
73€/1000m3 (other production) 
groundwater: 
59€/1000m3 (production of food and 
medicines) 
187€/1000m3 (other production) 
households and agriculture: 
5,7€/1000m3 

66..22  TTAAXXEESS  OONN  AAIIRR  PPOOLLLLUUTTIIOONN  

Air pollutants are a category of pollutants that give special cause for concern in the environmental 
field. The fact that they are unseen and unavoidable, allied to the fact that some are known to have 
impacts upon human health, makes it important to seek to minimise their effect. 

Looking at the tax on NOx emission, the systems vary significantly in various dimensions. It is however 
notable that the most striking difference is the level of the charge itself. The charge level in Sweden is 
very high (5430 €/ton) whereas the tax level in France is relatively low (45,73 €/ton). The overall 
conclusion in ECOTEC (2001) is that a high charge like the Swedish one is the only really effective 
way of getting a sizeable reduction in emissions.  
 
Denmark France Poland 
HFC, PFAC, SF6: 
26,2€/kg 
CFC: 4,03€/kg 

SOx: 38,11€/t 
HCl: 38,11€/t 
NOx: 45,73€/t 
nitrogen oxide: 57,16€/t 
hydrocarbons, solvents…: 38,11€/t 
 
paid by power stations and waste 
incineration plants 
(capacity>20MW), and any 
production plant which emits more 
than 150t/year of any pollutant. 

NOx: 98,1€/t 
CH4: 0,0001€/t 
CO: 27,3€/t 
aliphatic hydrocarbons: 27,3€/t 
arsenic: 69,5€/kg 
SO2: 0,1€/t 
Mg: 4€/t 
molybdenum: 2,3€/t 
tin: 1€/t 
1,1,1trichloroethane: 34,7€/t 
lead: 7,9€/t 
mercury: 34,7€/t 
asbestos: 69,5€/kg 
benzene: 1,59€/kg 
chromium: 9,93€/kg 
nickel: 69,5€/kg 
zinc: 1,04€/kg 
dioxins and furans: 69,5€/kg 
cadmium: 34,7€/kg 
cobalt: 9,93€/kg 
CO2: 0,05€/t 
halon 1211, 1301, 2402 (ozone 
depleting substances): 34,7€/t 
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66..33  TTAAXXEESS  OONN  WWAATTEERR  PPOOLLLLUUTTIIOONN  

User charges for waste water treatment are applied in most EU member states, although with different 
degrees of cost-coverage. Several member states combine user charges with subsidies for sewage 
treatment, either from domestic sources or from the EU’s structural funds. The waste water tax is a 
classical emission tax on a flow pollutant and was among the first economic instruments to be 
introduced in environmental policy. There are, as a result, some interesting lessons to be learnt over 
the relatively long timespan over which they have been in operation. A waste water tax scheme was 
introduced in France and in the Netherlands around 1970, while Germany followed suit with a scheme 
that took effect in 1981. Denmark recently introduced a waste water tax which took effect in 1997. In 
other member states, waste water taxes are applied at the regional level, such as in Flanders 
(Belgium) and in Italy and Spain. 

Source: ECOTEC (2001) 
Denmark France Poland 
sewage discharge: 
1,75€/m3 
nitrate content: 2,68€/kg 
phosphate content: 
14,8€/kg 
organic material content: 
1,48€/kg 
 
exemptions: fish 
processing, cellulose 
and sugar beet 
industries (97% 
reduction), industries 
producing organic 
pigments, pectins or 
vitamins (70% 
reduction) 

suspended materials: 26,2€/kg 
oxidizible materials: 61,9€/kg 
inhibitive materials: 
1495€/k.equitox. 
soluble salts: 548€/mho 
reduced nitrogen (organic and 
ammoniac): 65,5€/kg 
total phosphorus: 55,9€/kg 
organo-halogenated adsorbed: 
403€/kg 
metals and metalloids: 403€/kg 
 
 

heavy metals: 11,2€/kg 
volatile phenol: 4,17€/kg 
total chloride and sulphate ions: 
0,03€/kg 
suspended solids: 0,10€/kg 
food production: 
BOD5: 0,56€/kg 
COD: 0,37€/kg 
social institutions: 
BOD5: 0,22€/kg 
COD: 0,13€/kg 
chemical industry, energy/fuel 
production, steelworks, textile industry: 
BOD5: 2,22€/kg 
COD: 1,55€/kg 
timber/paper industry: 
BOD5: 0,95€/kg 
COD: 0,56€/kg 

Other data are also used. All of the environmental taxes about water used in the study are 
summarised in the following tables. 

   
Denmark -

min 
Denmark -

max 
France - 

min 
France - 

max 
Poland - 

min 
Poland - 

max 
Flow Units             
(w) Ammonia (NH4+, NH3, as N) Euros/g 2,68E-03 2,68E-03 5,13E-02 5,13E-02 0,00E+00 0,00E+00
(w) Arsenic (As3+, As5+) Euros/g 0,00E+00 0,00E+00 1,52E+00 1,52E+00 1,12E-02 1,12E-02
(w) BOD5 (Biochemical Oxygen 
Demand) Euros/g 0 0 0,0187 0,0187 0,00022 0,00222 
(w) Cadmium (Cd++) Euros/g 0,00E+00 0,00E+00 7,60E+00 7,60E+00 1,12E-02 1,12E-02
(w) Chlorides (Cl-) Euros/g         3,00E-05 3,00E-05
(w) Chromium (Cr III) Euros/g 0,00E+00 0,00E+00 1,52E-01 1,52E-01 1,12E-02 1,12E-02
(w) Chromium (Cr III, Cr VI) Euros/g 0,00E+00 0,00E+00 1,52E-01 1,52E-01 1,12E-02 1,12E-02
(w) Chromium (Cr VI) Euros/g 0,00E+00 0,00E+00 1,52E-01 1,52E-01 1,12E-02 1,12E-02
(w) COD (Chemical Oxygen 
Demand) Euros/g 0 0 0,0374 0,0374 0,0001 0,0016 
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(w) Dissolved Organic Carbon 
(DOC) Euros/g 1,47E-03 1,47E-03 0,00E+00 0,00E+00 0,00E+00 0,00E+00
(w) Lead (Pb++, Pb4+) Euros/g 0,00E+00 0,00E+00 1,52E+00 1,52E+00 1,12E-02 1,12E-02
(w) Mercury (Hg+, Hg++) Euros/g 0,00E+00 0,00E+00 7,60E+00 7,60E+00 1,12E-02 1,12E-02
(w) Nickel (Ni++, Ni3+) Euros/g 0,00E+00 0,00E+00 7,60E-01 7,60E-01 1,12E-02 1,12E-02
(w) Nitrate (NO3-) Euros/g 2,68E-03 2,68E-03 5,13E-02 5,13E-02 0,00E+00 0,00E+00
(w) Nitrite (NO2-) Euros/g 2,68E-03 2,68E-03 5,13E-02 5,13E-02 0,00E+00 0,00E+00
(w) Nitrogenous Matter (Kjeldahl, 
as N) Euros/g 2,68E-03 2,68E-03 5,13E-02 5,13E-02 0,00E+00 0,00E+00
(w) Nitrogenous Matter 
(unspecified, as N) Euros/g 2,68E-03 2,68E-03 5,13E-02 5,13E-02 0,00E+00 0,00E+00
(w) Organic Dissolved Matter 
(chlorinated) Euros/g 1,47E-03 1,47E-03 0,00E+00 0,00E+00 0,00E+00 0,00E+00
(w) Organic Dissolved Matter 
(unspecified) Euros/g 1,47E-03 1,47E-03 0,00E+00 0,00E+00 0,00E+00 0,00E+00
(w) Organic Matter (unspecified) Euros/g 1,47E-03 1,47E-03 0,00E+00 0,00E+00 0,00E+00 0,00E+00
(w) Phenol (C6H5OH) Euros/g         4,17E-03 4,17E-03
(w) Phosphates (PO4 3-, HPO4--, 
H2PO4-, H3PO4, as P) Euros/g 1,47E-02 1,47E-02 1,96E-01 1,96E-01 0,00E+00 0,00E+00
(w) Phosphorus (P) Euros/g 1,47E-02 1,47E-02 1,96E-01 1,96E-01 0,00E+00 0,00E+00
(w) Phosphorus Pentoxide (P2O5) Euros/g 6,30E-03 6,30E-03 8,38E-02 8,38E-02 0,00E+00 0,00E+00
(w) Sulphate (SO4--) Euros/g         3,00E-05 3,00E-05
(w) Water (unspecified) Euros/litre 0,00157 0,00157 0,00124 0,00124 0 0 
(w) Water: Chemically Polluted Euros/litre 0,00157 0,00157 0,00124 0,00124 0 0 
(w) Zinc (Zn++) Euros/g 0,00E+00 0,00E+00 1,52E-01 1,52E-01 1,12E-02 1,12E-02

66..44  TTAAXXEESS  OONN  WWAASSTTEE  

EU legislation on waste, with the Waste Framework Directive as its basis, increasingly requires 
member states to move waste management up the so-called waste hierarchy, at the bottom of which 
is landfill. Different countries have taxes with differing scope. For example, Denmark (and Norway) 
apply a tax on waste which covers not only landfill but also incineration with or without energy 
recovery. Interestingly, no EU member state apart from Austria differentiates tax rates for landfills with 
and without gas collection for energy recovery. Other countries, such as the Netherlands, resort to 
bans on the landfilling of specific waste streams. Landfilling of municipal waste is banned other than in 
exceptional circumstances. 

Source: ECOTEC (2001) 

 
Denmark France Poland 
Hazardous waste: 34-6710€/t 
Municipal waste: 
185€/household/year 
Landfill: 50,3€/t 
Incineration: 44,3€/t 

Landfill: 
- domestic waste and 
assimilated: 11,44€/t 
- special industrial waste: 
18,3€/t 
Incineration: 
- special industrial waste: 
9,15€/t  

Industrial waste in landfill: 
- low risk category: 2,13€/t 
- medium risk category: 3,30€/t 
- high risk category: 27,7€/t 



B I O  I n t e l l i g e n c e  S e r v i c e  -  O 2 F r a n c e       . 
EXTERNAL ENVIRONMENTAL EFFECTS RELATED TO THE LIFE CYCLE OF PRODUCTS AND SERVICES 

159

66..55  TTAAXXEESS  OONN  EENNEERRGGYY  PPRROODDUUCCTTSS  

66..55..11  TTaaxxeess  oonn  MMoottoorr  FFuueellss  

All European countries levy one or more taxes on motor vehicle fuels, but the tax rates applied vary 
between countries and between fuels. Except from few countries, the tax rates for diesel are always 
lower than for petrol, in many cases the difference is very substantial, which is counterproductive from 
an environmental point of view. 

66..55..22  TTaaxxeess  oonn  HHeeaattiinngg  FFuueellss  

Fuels are taxed less heavily when they are used for heating than when they are used for transport. 

 
(in €) 
product Denmark France average for all the member 

states (with interval) 
Poland 

motor fuels 
unleaded petrol 
(1000l) 

518 586 489 (325-782) 390 

leaded petrol (1000l) 606 627 554 (344-876) 430 
diesel (1000l) 346 367 347 (246-766) 280 
LPG (1000kg) 393 107 213 (0-795) 70 
kerosene (1000l) 350 366 372 (245-759) - 
natural gas (GJ) 9,8 0 0, except for Denmark - 
heating purposes 
gasoil (1000l) 268 78 105 (5-403) 
mazout lourd 
(1000kg) 

304 23 60 (6-304) 

kerosene (1000l) 263 78 120 (0-337) 
LPG (1000kg) 333 0 114 (7-333) for 9 countries 

0 for the others 
natural gas (GJ) 0,98 0 1,5 (0,3-5,74) for 7 countries 

0 for the others 

fuel oils: 
40€/1000l 

solid energy 
products (GJ) 

7,1 0 2,2 (0,4-7,1) for 5 countries 
0 for the others 

 

electricity (MWh) 14 6,4 9,87 (0-50)  

Source: European Environment Agency (2000), calculations made according to European 
Commission and OECD reports. Data for Poland are based on the OECD database. 
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66..66  TTAAXXEESS  OONN  TTRRAANNSSPPOORRTT  

According to IPCC (1999), emissions from aircraft represent about 40% of total emissions at high 
altitudes. Because of special circumstances in the atmosphere upper strata, aircrafts contribute to 
global warming two to four times more than a same level of emission in the troposphere.  
 
 Denmark France Poland 
private cars petrol private car: 

1044€/year 
diesel private car: 
1340€/year 
(based on fuel 
consumption) 

- - 

buses petrol buses: 261€/year 
diesel buses: 395€/year 
(based on weight) 

- - 

heavy good vehicles 284€/year (based on 
weight and axles) 
road user charge: 
1123€ 

- - 

air transport 7,5€/passenger 5€/t aircraft  

66..77  SSPPEECCIIFFIICC  TTAAXXEESS  IINN  TTHHEE  AAGGRRIICCUULLTTUURRAALL  SSEECCTTOORR  

Taxes in the agricultural sector are still not very common in EU member States and are restricted to 
Scandinavian countries plus the Netherlands and Belgium. 

66..77..11  TTaaxxeess  oonn  PPeessttiicciiddeess  

The environmental problems associated with the use of pesticides are widely discussed. Pesticides, 
however, are an extremely heterogeneous group of products. The unit upon which the tax is based 
varies in the design of the taxes. Different countries use taxes levied on dose, on kg of active 
ingredient and AVT. There is still much dispute around which of these constitutes the best base for 
taxes. Taxes on pesticides are yet applied in six countries: Belgium (not in agriculture), Denmark, 
Finland, France, Norway and Sweden. It is discussed in the Netherlands. 

Sources: ECOTEC (2001) and European Environment Agency (2000) 

66..77..22  TTaaxxeess  oonn  FFeerrttiilliisseerrss  

These taxes are little used or were abandoned by countries when joining the EU, as was the case for 
Austria and Finland. Again a forerunner in terms of new taxes is Denmark, which introduced a tax on 
growth promoters in 1998. Denmark increased the tax rates levied on agricultural inputs over the 
period 1997-2000. According to a report by the European Fertilisers Manufacturers’ Association, the 
reduction in fertiliser use has been significant in the Netherlands and in Denmark. Both countries have 
large intensive rearing sectors and have implemented economic instruments in the agricultural sector 

Source: ECOTEC (2001) 
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 Denmark France Poland 
pesticides average 37% of retail price 

excl.VAT (1998) 
0-1677 €/t - 

artificial fertilisers used by households 0,67€/kg - - 
antibiotics and growth promoters 0,16€/g of hazardous 

chemical 
- - 

66..88  TTAAXXEESS  OONN  SSPPEECCIIFFIICC  PPRROODDUUCCTTSS  

Products become waste at the end of their life. Implementing taxes on products permits therefore to 
act upstream on waste management. It is in particular the case for packaging, which are produced and 
consumed in important quantities, and batteries, which become hazardous waste. The complementary 
instruments are important elements of the overall environmental strategy concerning packaging and 
batteries waste (deposit systems, recycling systems, …). A variety of different schemes have emerged 
to deal with these materials. 
 Denmark France Poland 
packaging glass containers for drinks: 

0,20€/item 
 
cardboard containers for 
drinks: 0,12€/item 
 
containers for other 
products:  
made of glass and ceramics 
= 0,25€/kg 
made of aluminium: 
4,47€/kg 
made of wood: 0,07€/kg 
made of EPS and PVC: 
2,73€/kg 
made of paper and 
cardboard: 0,10€/kg 
made of steel and tinplate: 
1,12€/kg 
made of plastics, except 
EPS and PVC: 1,30€/kg 

0,3ct €/unit of 
packaging 

made of PP or PE: 10% 
 
made of PC, PS and 
PET: 20% 

oil products and 
lubricants 

 38,11€/t  

washings  79,3€/t  
batteries 2,42€/unit 

sealed NiCd batteries: 
0,81€/cell 

  

carrier bags made of paper: 1,34€/kg 
 
made of plastics: 2,95€/kg 

  

chlorinated solvents 0,27€/kg hazardous 
substance 

  

disposable 
tableware 

2,58€/kg   
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 Denmark France Poland 
electric bulbs and 
electric fuses 

0,5 €/piece   

PVC and 
phthalates 

0,23 €/kg   

tyres 0,8 €/tyre   
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77  AAPPPPEENNDDIIXX  77::  DDEETTAAIILLEEDD  RREESSUULLTTSS  PPEERR  PPRROODDUUCCTT  OORR  
SSEERRVVIICCEE  CCAATTEEGGOORRYY  

 

Cf appendix report. 

 

 

 

 

88  AAPPPPEENNDDIIXX  88::  DDEETTAAIILLEEDD  CCAASSEE  SSTTUUDDIIEESS  

 

Cf appendix report. 

 


