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DISCLAIMER 

All viewpoints and statement in this report are based on inputs from the contributing experts for the 

seminar report and participating in the seminar. The report editor has the full responsibility for the final 

version of the text. The Nordic Environmental Footprint group has no responsibility for the statements and 

recommendations in the report.  
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Introduction 
Since 2005 EU Commission has been developing a Life Cycle based methodological framework for 
assessment of Environmental Footprint for Products and Organizations. The outcome is expected to be a 
transparent and harmonized European methodology for environmental communication to all customers – 
both consumers and professional purchasers. In the period 2013 – 2016 the Commission has initiated 25 
large-scale pilot projects with the aim to develop specific data requirements for product groups – so called 
Category Rules – and to test ways of communicating these products environmental foot prints to 
stakeholders in the product chain. The pilot projects cover 14 conventional product areas like textiles, 
leather products, electronics, and paint and 11 product groups within food and agriculture like meat, dairy, 
fish, and fish food. When ready, the new environmental communication platform is expected to influence 
all EU legislation, which contains demands to products environmental performance, such as Eco-design, 
Energy label, Ecolabel, EMAS etc. 

In September last year, the Nordic Environmental Footprint Group (NEF), Nordic Council of Ministers, 
hosted a workshop in Stockholm for presentations and discussions on the EU PEF project1. One of the 
recommendations from the workshop was to conduct a mutual Nordic project on the LCA aspects of the 
PEF methodology and experiences of the pilot projects. Kim Christiansen from kimconsult.dk was 
contracted as project leader, and a group of experts from Finland, Norway, Sweden and Denmark has been 
established to elaborate together with the project leader on five issues determined by the NEF group in 
collaboration with the EU Commission. The five issues are covered by an individual chapters, which have 
been internally reviewed by the other authors before and after the seminar and by the seminar participants 
at the seminar. After the seminar, the project leader edited the chapters, including the introduction and 
the summary, in dialogue with the experts and the NEF group. The NEF group is responsible for the 
distribution of the final report. 

The selected LCA/PEF issues are – with the names of the individual chapter authors: 

1. The right functional unit for food products - Erik Svanes, Østfoldforskning, Norway  
2. Granularity for the scope of PEFCRs - Kim Christiansen, kimconsult.dk, Denmark 
3. End-of-life formula - Sirkka Koskela, SYKE, Finland 
4. Uncertainty - feasible and implementable methodology - Johanna Berlin and Frida Röyne, SP, 

Sweden  
5. Weighting - Bo Weidema, 2.-0 LCA consultants, Denmark 

The draft version were presented for the NEF Seminar on LCA/PEF issues held in Copenhagen 25-26 April 
2016, where the drafts were discussed by 20 experts from Denmark, Finland, Norway and Sweden and 1 
from the European Commission. The programme and list of participants can be found in Annex 1 and Annex 
2. 

All chapters 1-5 includes a list of references used; chapter 3 includes two annexes and chapter 4 one annex. 

Observations from the seminar discussions and the following conclusions are kept in each chapter but also 
used for the summary chapter, where supplementary observations and comments are added by, and with 
the sole responsibility of, the editor. 

  

                                                           
1 http://www.naturvardsverket.se/Miljoarbete-i-samhallet/EU-och-internationellt/EUs-miljooarbete/EU-och-

resurseffektivitet-EU-2020/Fardplan-for-ett-resurseffektivt-Europa/Miljoavtryck/Naturvardsverket-och-miljoavtryck/ 

http://www.naturvardsverket.se/Miljoarbete-i-samhallet/EU-och-internationellt/EUs-miljooarbete/EU-och-resurseffektivitet-EU-2020/Fardplan-for-ett-resurseffektivt-Europa/Miljoavtryck/Naturvardsverket-och-miljoavtryck/
http://www.naturvardsverket.se/Miljoarbete-i-samhallet/EU-och-internationellt/EUs-miljooarbete/EU-och-resurseffektivitet-EU-2020/Fardplan-for-ett-resurseffektivt-Europa/Miljoavtryck/Naturvardsverket-och-miljoavtryck/
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Chapter 1 - The right functional unit for food products 
Erik Svanes, Østfoldforskning, 2016-05-04 

1.1 Background 

Currently, the most commonly used functional unit (FU) for food products is mass (for solid products) and 
volume (for liquid products). This is in contrast with other product LCA where the function of the product is 
reflected in the FU. One large disadvantage of mass or volume FU is that it can lead to unfair comparison of 
products. It can be tempting to compare meat and vegetables and conclude that it is, generally better to 
replace e.g. beef with salad. The problem is of course that these products, though they have some overlap in 
function, clearly fills very different functions. 

The LCA community is well aware of this problem and many alternative FUs have been proposed, but still the 
mass and volume based are most commonly used. In this chapter, different alternative FUs for food are 
presented and discussed and a recommended approach given. 

Inputs from the seminar are summarized in italics. 

1.2 General 

ISO 14044 gives little instruction on how to define a FU. It states “The scope of an LCA shall clearly specify 
the functions (performance characteristics” of the system being studied”. The PEF Guideline gives more 
clues on how to define it: The functional unit shall be deduced by answering the questions:  

1. Which function(s)? 
2. How much? 
3. For how long?  
4. At which quality level? 

For food products, it is difficult to answer question 2 and 3. Question 4 depends a lot on individual 
perception such as taste preferences, which may vary over time and between people. Regarding question 
1, food has many functions. Questions 2 and 3 helps to establish a quantitative link between a certain 
amount of a food product and one or several of its functions. It is not easy to establish such a link.  

On the most basic level food and drink is necessary to keep human beings alive. Some of foods functions:  

a) Preserve life 
b) Enable growth of the body from child to adult 
c) Enable body and mind to do a number of functions, e.g. work, get enjoyment 
d) Enjoyment and emotional fulfilment 
e) Social and cultural functions 

It is very difficult, if not impossible to establish a functional unit that takes all these functions into account. 
One possible option is to focus on function 1 and 2, e.g. look at maintenance and growth of the body. We 
could look at this by assessing the nutritional needs for a certain time period, e.g. a day. This has been 
specified in Government recommendations in many countries. In addition, we generally know the content 
of nutrients in most food-stuffs. Using these numbers, it is theoretically possible to make a mathematical 
formula that expresses the ability with which a certain amount, e.g. a kg, of a food product fulfils the daily 
nutrient needs of a person.  

This task is made more complicated by the fact that there is not just one chemical compound that 
contributes to health and it is difficult to weigh them against each other. The nutrients have very different 
functions e.g. Vitamin A, proteins, fibres, and carbohydrates are involved in eyesight, building new cells, 
making the digestive system work better and giving energy to fuel the body’s processes. 

1.3 Existing FUs for food products 

This section summarizes the functional unit used in some standards and guidelines; due to time restrictions 
not all food PEFCRs were reviewed. 
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Table 1.1 Examples of FUs for food products 

Standard/guideline Functional unit 

PEFCR: Marine fish  How much: 1 kg edible marine fish  

“How good: The product should be appropriate for human consumption  

“How long: For products where durability or shelf-life is established  

PEFCR: Feed for food 
producing animals 

1 tons animal feed for food-producing animals as fed 

“How well? To be able to conduct meaningful LCAs for food producing 
animals.  For this purpose, nutritional and other parameters could be 
provided as additional information to the animal pilots for LCA purposes (for 
instance , the dry matter (DM), gross energy (GE), carbon (C), phosphorus (P), 
nitrogen (N), zinc (Zn), copper (Cu), content based on the needs of the animal 
species reared). 

“How long? Fulfil its function well until the expiry data, when stored under 
specified conditions. 

GHG Protocol The functional unit, like unit of analysis, is defined as the performance 
characteristics and services delivered by the product being studied. A defined 
functional unit typically includes the function (service) a product fulfils, the 
duration or service life (amount of time needed to fulfil the function), and the 
expected quality level. 

PCRs of the International 
EPD system 

Mostly mass or volume based, e.g. Poultry PCR: 1 kg of chicken meat. Less 
than 5 % of other ingredients are allowed. 

1.4 Single products or mix of several products 

Functional units for food can roughly be divided into two different categories:  

1. FU for a single food item.  
2. FU for several food items, e.g. FU for a particular diet, a meal or similar.  

This overview only considers the first type of FU since the PEF system, at least for the time being, have only 
included single food product pilots. The type 2 FUs consider a mix of different food items. If there in the 
future will be a PEFCR for e.g. ready meals, a type 2 FU should be considered.  For the time being, this is not 
relevant.  

1.5 Possible functional units 

1.5.1 Mass or volume based FU 

FU based on mass or volume is still commonly used in food LCA despite the weak link with the function of 
the product. The main reason seems to be the absence of a universally accepted alternative FU. The main 
advantage with such a FU is that it is easy to relate to the product, since the product is usually sold in units 
of mass or volume. There are varieties of such FUs. One common example is the energy corrected milk; 
ECM milk = (milk production * (0.383 * % fat + 0.242 * % protein + 0.7832) / 3.1138). The ECM creates a 
platform for comparing milk products that have varying content of fat and protein. Another example could 
be a mass based FU that excludes the water content of the product. Instead of having the FU of 1 kg carrot, 
the FU could be based on 1 kg carrot dry content. Using such a FU a more meaningful comparison between 
products with different water content could be made. If the water is included in the product through an 
intervention, e.g. by injecting water into chicken, then the FU could be 1 kg chicken meat without added 
waste, or in genera without additives. 
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In conclusion, a mass or volume based FU is still a commonly used FU. It can be modified to be more 
relevant to function, for example by compensating for water content in vegetables of rat and protein in 
milk.  

Comment by the discussion group 

Mass and volume are still the predominant basis for FUs in LCAs today. It is difficult to say if the reason is a 
lack of good alternatives or that the experts feels this is a good unit. It is however sure that it is a unit well 
understood by consumers and closely linked to the unit of sales in retail. Thus, the discussion group 
supported the continued use of mass and volume based FUs, but to use other FUs in addition. 

1.5.2 Single component based functional unit 

Instead of using the mass or volume product as FU it is possible to use mass of a certain ingredient, class of 
ingredients or some variety like energy. One example is 1 kg or protein. This is still not directly linked to 
function but is more directly linked  than just a mass or volume based FU. This kind of FU can be useful in 
evaluating foods that have roughly equivalent function and where that function can be linked to one 
particular ingredient. The protein FU could e.g. be used to compare the environmental performance of 
protein foods, such as meats. The disadvantage with a single component FU is that it will not capture other 
differences between the products.  A typical example of such differences is the Omega 3- fatty acids that is 
a big factor when comparing seafood and meat.  Another important dimension missed is protein quality.  
Some food protein lack essential amino acids, such as white rice that lacks lysine.  There are also other 
important nutrients in protein foods like the fat soluble vitamins Vitamin A and D. 

Conclusion 

This kind of FU is better than only using mass or volume based FUs, because it comes closer to a more 
nuanced purpose of food, to deliver nutrients to the body. And, they are not as complicated and reminding 
of nutritional recommendations as Nutrient Indices. They can also be used to correct quality differences, 
e.g. water content in products. 

Comment by the discussion group 

This kind of FU is better than only using mass or volume based FUs, because it comes closer to a more 
nuanced purpose of food, to deliver nutrients to the body. And, they are not as complicated and reminding 
of nutritional recommendations as Nutrient Indices. They can also be used to correct quality differences, e.g. 
water content in products. The group recommends the following FUs:   

- Amount of product containing 1 kg of protein.  
- Amount of product containing 1000 kcal 
- Amount of product containing 1 kg dry matter 

The Group recognized that protein cannot be included for all product groups, e.g. for vegetables. In such 
cases other nutrients must be considered. 

1.5.3 Functional unit based on price elasticity2 

The idea was put forward during the commenting of the first draft to use price elasticity as a method for 
defining products that naturally fall together in a group. Cross-elasticity is defined as “In economics, the 
cross elasticity of demand or cross-price elasticity of demand measures the responsiveness of the quantity 
demanded for a good to a change in the price of another good”. Thus if product A on the market gets more 
expensive one could measure the response in sales of other products and find out which products on the 
market that consumers think fulfils the same functions as product A.  

Weidema et al (2004) defines the first step towards a functional unit as describing the product according to 
its properties, the second as determining the relevant market segment, the next step as determining the 
alternatives to the product in question and finally to mathematically express the functional unit. This can be 
a strategy for grouping products in accordance with consumers choices e.g. products that have as main 
function to deliver protein. Finding market segments for food can be more difficult, but certain groups of the 
population can have a preference for certain products. For protein foods, as in the example above, it can be 

                                                           
2 Paragraph 1.5.3 was added after the seminar. 
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the ability to deliver protein to the body that is the main function. Mathematically it can be expressed as a 
FU of the amount of product that contains 1 kg of protein. The steps given by Weidema et al, including price 
elasticity, can certainly be a good tool when grouping food products. It can also be used to find important 
properties that can be used in the formulation of the FU, but it is difficult to see if the method gives different 
results from the other methods mentioned in this memo.  

Conclusion 

The method given by Weidema et al (2004), including the use of price elasticity, can be a good tool for 
grouping products that should be comparable and finding properties shared by the products in the group. It 
does not, however, give different results than the other FUs proposed in this memo, according to this 
author’s assessment. Weidema stated that the method can give different results, and it gives empirically 
based justifications for comparisons, e.g. that some milk products can be compared across different fat 
contents not connected to the FU.3 

1.5.4 Economy based FU  

FUs based on other parameters than nutrition or mass has been proposed. Van der Werf and Salou (2015) 
proposed economic value as a basis for a FU. They did however specify that the recommendation was to 
use it in environmental labelling, not in general use. The rationale behind this FU is that it reflects the 
quality of the product. The authors noted that there is a positive correlation between carbon footprint and 
product price for food product. 

The advantage of using such a FU is that it correlates well with consumer`s willingness to pay, which should 
correlate with their perception of quality.   One disadvantage is that, while this FU correlates quality, it does 
not promote environmental efficiency. Overall, this FU is not recommended to use for food products (by 
the author). 

It was pointed out that the economy-based FU is an indirect way of including the rebound effect in a 

comparison, and that this FU could be viewed as the closest one can come to a FU that promotes 

environmental efficiency across a wide range of products. 

1.5.5 Nutrient density based FU 

A Nutrient density Index (NDI) is a metric that describes the amount of the different nutrients that are 
present in food products, relative to the needs of the body. The higher nutrient density the more able the 
product is to fulfil the nutritional needs of the body. The main purpose of NDIs has been described 
(Drewnowski 2009) as protecting public health, promoting regulation and innovation. 

An NDI can be characterized by the following general formula:  

NDI = ∑ (Wi/RDVi) * 100  

Wi is weight of ingredient i 

RDVi is recommended daily intake of ingredient i.  

The multiplication with 100 makes the ratio a percentage and is not a feature of all NI. 

The details of the indices vary. The Nutrient Density Score (NDS) formula made by Smedman et al (2010) to 
compare beverages, calculates the percentage of RDI for 21 ingredients and adds them together as shown 
in the formula. The result is then divided by 21 and multiplied with the number of ingredients that give 
more than 5 % of the RDV. 

The Wi can be calculated in different ways. The NDS considers the amount of ingredients in 100 gram of 
product, whereas in The Nutrient Rich Food 9.3 score (NRF9.3) (Drewnowski, 2009; Fulgoni et al., 2009) the 
amount of ingredients, in an amount of food containing 100 kcal, is used. 

There are many nutrients in foods like vitamins, minerals, fibres and protein, and they each have specific 
functions. Food also contains energy that fuels the processes of the body, but the energy is not linked to 

                                                           
3 This text has been revised in dialog between Svanes, Weidema, and the editor. 
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one specific ingredient. Many food ingredients give energy to the body but some ingredients like 
carbohydrates and fats are particularly energy rich. 

The nutrient indices do not take into account all nutrients. NRF9.3 includes protein, fibre, calcium, vitamins 
A, C, and E, iron, potassium, and magnesium. The NDS includes proteins, carbohydrates, fat, vitamins A, B1, 
B2, B3, B6, B9, B12, C, D, E and minerals phosphorus, iron, potassium, calcium, magnesium, selenium, zinc, 
iodine. 

Some nutritional indices also take into consideration food ingredients that are assumed (or proven) to 
cause negative effects on the health of many people. For example, the Nutrient Rich Food 9.3 (NRF9.3) 
score (Drewnowski, 2005 includes three such ingredients: sugar, salt and saturated fats. 

The general idea of a nutrient density index used as FU is to give a stronger link between environmental 
impacts to function as nutrient supply. Another important aspect is to give a more fair comparison between 
food products. Just as the FU for paints give credit to a more efficient and durable paint, the NI-based FU 
gives credit to more efficient foods. In the past consumers could be tempted that to replace a steak with a 
hamburger would be an excellent environmental choice or that vegetables should be eaten instead of 
meat. Eating the hamburger will not give you as much protein as the steak so the comparison of 1 kg 
hamburger with 1 kg steak seems unfair. It is also true that, although some people could benefit replace 
some of their meat with vegetables, it is generally not a good idea to replace all protein foods with 
vegetables. Another big advantage with NDI as FU is that is compensates for different nutritional value in 
similar products. It means that a chicken filet injected with water will not look better than the competitors’ 
untreated filet. It also means that organic vegetables that often have a higher “dry content” than 
conventional vegetables can get “rewarded” for that fact. 

How do the NDIs “work” when applied to different food products? Saarinen (2012) compared three 
different NDIs, see table 1. She found that the indexes gives different ranking of a number of food products. 
It was crucial which nutrients were included in the index. She also found that it was important to include 
ingredients that should be limited. 

Table 1.2 Nutrient density indexes considered by Saarinen (2012). 

Name Formula Nutrient 

Nutrient Rich Food, NRF9 NRF9 = Σ1–9 ((Nutrient/DV) * 
100)/9 

Protein, fibre, Ca, Fe, Mg, K 

Vitamins A, C and E 

Naturally Nutrient Rich, 

NNR15 

NNR = Σ₁₋₁₅((Nutrient/DV) * 
100)/15 

Protein, fibre, MUFA, Ca, Fe, Zn, 
K 

Vitamins A, C, D, E, thiamine (B1), 
riboflavin (B2), B12 and folate 

Nutrient Adequacy 

Ratio, 

NAR15 

NAR15 = Σ₁₋₁5((Nutrient/DV) 
*100)/15 

Protein, fibre, Ca, Fe, Mg 

Vitamins A, C, D, E, thiamine (B1), 
riboflavin (B2), niacin (B3), 
pyridoxine (B6), B12, and folate 

Nicklas et al (2014) compared a number of NDIs and found several shortcomings. One example is that 
poultry without skin has a much lower WNDS (see table 2) than poultry with skin, apparently because of 
the fat content of the skin. However, the skin contains more unsaturated than saturated fatty acids.  The 
index seems to take fat quality into account but still we get the difficult to explain poultry results. 

Table 2.3 Other nutrient density indexes 

 Name Formula Nutrients Reference 
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WNDS 

Weighted Nutrient 
Density Score 

100 × (1.4 × g 
protein/50+ 3.3 × g 
fiber/25 + μg calcium + 
2.51 × g unsaturated 
fat/44 + 0.37 × mg 
vitamin C/60 – 2.95 × g 
saturated fat/20 – 0.52 
× g added sugar/50 – 
1.34 × mg sodium/2400) 

The basis is amount of 
nutrients in 100 kcal of 
the food product 

Protein, calcium, 
unsaturated fat, vitamin 
C, saturated fat, and salt 

Arsenault et al (2012) 

Nutrient Rich Foods  

NRF 9.3 

9 “positive” and 3 
“negative” ingredients 

NRF9.3=NR9-LIM= 

∑ (Wi/DVi)/Si ·100 - ∑ 
(Wi/MRVi)/Si ·100 

Wi= Weight of 
ingredient in 100 g 

DVi: Daily 
recommended intake 

Si = Amount of calories 
in 100 g food 

The amount of each 
ingredient is capped at 
100 % i.e. if the number 
goes higher than 100 % 
of recommended daily 
intake, it is kept at 1 

Positive: protein, fibre, 
calcium, vitamins A, C, 
and E, iron, potassium, 
and magnesium 

Negative: sugar, salt 
and saturated fats 

Drewnowsky (2009) 

Nutrient density ∑ (Wi in 100 g of 
Y/RDVi)*100 * 

Number of nutrients in 
Y containing more than 
5% of RDV 

Proteins, carbohydrates, 
fat, vitamins A, B1, B2, 
B3, B6, B9, B12, C, D, E 
and minerals 
phosphorus, iron, 
potassium, calcium, 
magnesium, selenium, 
zinc, Iodine. 

Smedman et al (2010) 

Nuval The exact formula is not 
known. The general 
formula is:  

Beneficial nutrients 
score 

diveded by 

Nutrients that should be 
limited score.  

The result is a number 
between 0 and 100 
where 100 is the best  

Positive factors:  

Fibre, folate 

Vitamines: A, C, D, E, 
B12, B6 

Minerals: K, Ca, Zn, Mg, 
Fe 

Omega-3 fatty acids 

Total bioflavonoids 

Total carotenoids 

Negative factors:  

A number of 
publications, see  

https://www.nuval.com
/science  

https://www.nuval.com/science
https://www.nuval.com/science
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Saturated fat, trans fat, 
sodium, sugar, 
cholesterol 

Other factors:  

Protein quality, fat 
quality, glycaemic load, 
energy density 

NDIs in general do not consider any nutrients more important than others, except the fact that they include 
some and ignore others.  Several studies, e.g. Elmadfa and Friesling (2009) conclude that for some nutrients 
the intake is too high (fat, salt) and others too low (dietary fibre, Vitamin D, folate). The status for the 
remaining nutrients is presumably OK. In addition to this consideration, there are many individual concerns. 
If a NDI is used as a FU, it can be that the results can be misleading for some people. If the person is obese, 
perhaps fat intake or in general, energy content is much more important than other ingredients. If high salt 
intake is the main problem, salt should be addressed in the NDI. It is impossible to make a FU that suits all 
individual needs.  

Some NDIs do seem to apply weighting, e.g. WNDS and NuVal. As demonstrated by Nicklas (2014) does 
have its weaknesses. The NuVal formula is not open so it is not possible to make conclusions based on it, 
except that the concept is interesting.  

When an individual has consumed more than the RDV, part of the surplus might be stored but it can also 
happen that the surplus is converted into something else, e.g. protein into fat. The surplus is in such cases 
not useful, unless the individual needs more energy. An NDI could take this into account by setting a “cap” 
on certain nutrients, e.g. not including intake in excess of the RDV.  This is done in the NRF 9.3. This means 
that food containing excessive amounts of one or several ingredients are not “rewarded” for this excess. 

Thus, caution must be taken when using a NDI as FU. When choosing a NDI as FU, the impact of that choice 
should be discussed, especially the implications in comparison with competing products. This could be done 
by performing sensitivity analysis. The analyses could be done by testing the effect of changes of the NDI 
formula or the parameters within the formula. Different NDIs could also be tested on the product and 
competing products.  

Conclusion on NDIs 

The biggest advantage of Nutrient density indexes (NDIs) is that they reflect, to varying degrees, the main 
function of food: to maintain the body by delivering nutrients to the body. The biggest disadvantage of is 
that they place equal importance on all nutrients included in the index (and ignores the rest), thus 
disregarding the nutritional status of human populations. Some nutrients we generally get enough of, 
whereas others are more often lacking.  It is difficult to weigh how much the different nutrients should 
count.  

Nutrient density Indexes can be used as functional unit for food products, but with the following 
recommendations:  

 Include all the important nutrients for the product group in question. 

 Include nutrients that should be limited. 

 Consider setting a cap on nutrients at 100 %. 

 When using a NDI as FU, also present results with mass or volume as FU, because most food LCA in 
the past has used this unit.  

 When using an NDI as FU, test other NDIs as a part of the sensitivity analyses.  

Comment by the discussion group  

This kind of complicated FU is not recommended. It highlights certain nutrients to be recommended, others 
to be limited and others are not included. It can be interpreted as nutritional advice for example as 
guidelines issued by governments.  We are LCA experts, not nutrition experts and should not develop or use 
such nutritional indexes until the time comes when an index is generally accepted by consumers, experts 
and industry. 
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1.5.6 Including the quality aspect of foods into the functional units. 

Comment by the working group 30-31 April 2016 

The Group discussed how quality could be included into the FU. Specifying the quality of the product in the 

FU can be difficult given the varying taste preferences and other cultural traits in the EU and the difficulty of 

determining objective and quantitative quality traits for food products. The conclusion was that quality 

should not be included in the FU for an environmental LCA or the PEFCR, unless both LCA and nutritional 

experts are involved. Quality is anyway, indirectly taken into account. For example, the FU can be 1 kg of 

product consumed. If the product is of high perceived quality, e.g. taste very good, it will more likely be 

consumed. If the product quality is good, e.g., if it is processed and packed in a way to give a long shelf life, 

this will be reflected in low wastage. Thus, the group recommends that primary data on wastage at critical 

points during the products life cycle should be collected and used. In order to ease the process, however, 

there should be default wastage values that can be used if data is lacking or is too time-consuming to 

gather specific data.  

1.6 Discussion 

There are few studies that compare the different classes of functional units presented in this memo.  
Kendall and Brodt (2014) compared FUs based on mass, protein content, energy content, one serving and 
WNDS (an NDI, see table 2). The studied products were rice, almonds, tomato paste and canned diced 
tomatoes. The GWP per FU was compared for the products. The figure varies a lot, depending on FU. The 
results depends of course on the amount of the food item in the serving. The calorie FU gives low score for 
energy-rich ingredients like rice. Per kg, the canned diced tomatoes gives the lowest impact, but per kg 
protein almonds is the lowest. In most FUs rice has the highest impact, but the difference is largest for the 
WNDS. Rice should be favoured by the high calorie content but has a high score because of low levels of the 
nutrients included in the WNDS.  

The authors do not conclude with a recommendation on any one of these FUs. There are advantages and 
disadvantages of all and FU should be chosen according to goal and scope. Several FUs can be used in the 
same study. However it should be possible for readers to recalculate results to other FUs. This is especially 
important when using complex FUs, such as NDIs. 

Heller et al (2013) discusses the use of FUs in food LCAs and concludes that not one single FU should not be 
used for all studies but rather that the FU should be chosen according to the goal and scope of the study. 
They present an interesting road map to choose FU where:  

1. Consumption-oriented approaches should use more complex FUs such as NDIs, nutritional health 
basis, annual or daily intake. Examples of goals are meal and diet comparison.   

2. Production-oriented approaches can use mass/volume, quality-corrected mass/volume or single 
nutritional aspect, such as energy and protein.   Examples of goals are hot-spot analyses, 
agricultural production method comparison and food production method comparison.  

Interestingly, the authors do not seem to recommend the use of the more complex FUs such as NDIs for 
single product studies. 

Ernstoff et al (2014) discusses the advantages and disadvantages of different FUs. They conclude, as many 
others, that mass is not usable for comparing food products. Single aspect FUs are also criticized for not 
capturing the complexity of food products. For NDIs and similar nutrient profile they still feel they are not 
good enough. They write “Negative impacts not adapted for functional unit; most current indices based on 
dietary recommendations rather than health outcome”.  

In a summary of the state of the art on food LCA research, Nemecek et al (2016) discuss FUs (among other 
issues). They concur with other studies that it is not possible to find one FU that should be used for all 
studies. They conclude: “Therefore, in each study, the considered functions should be clearly stated—
together with the aspects that were not included— and the consequences of this choice should be 
discussed. Not only the intrinsic quality of a food product is relevant for the consumer’s choice, but other 
aspects are too, including its origin (consumers often prefer locally produced or domestic food) and its 
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mode of production (e.g., meat from production systems respecting animal welfare or fair-trade products). 
Ideally, these aspects should be evaluated in a comprehensive life cycle sustainability assessment.” 

For the purpose of Product Environmental Footprint the approach is, for the moment, targeted at single 
food items but in the future more complex products might be added, e.g. ready meals. At the same time, 
the PEF system borders are Cradle to Grave, thus including the consumers part of the value chain. PEF is 
not restricted to a production-oriented approach for Business-to-Business communication purposes.  

It is this authors view, that more complex FUs can, and should be used even for single products, but only as 
a secondary FU. If an NDI is used as secondary FU, it must be relevant for the product it is used for and the 
implications for the choice should be clearly shown by e.g. sensitivity analyses. 

1.7 Conclusion 

The most commonly used FU for food and beverages is still based on mass or volume, despite several 
efforts to find FUs more closely linked to function. The reason seems to be that it is difficult to find a 
quantitative relationship between function and a certain quantity of a certain food product. In the PEFCRs 
under development is appears that mass and volume is still used but efforts have been made to include the 
temporal and quality aspects of food function. This has been addressed by looking at durability/shelf life 
and quality level. Unlike many other products, these aspects cannot be directly quantitatively addressed in 
a FU but they can be taken into account by only including product that fulfils certain quality and shelf life 
standards. In order to take into account wastage along the value chain a FU should be based on the amount 
of product leaving the product system studied or entering final consumption. In Cradle to Grave 
assessments the amount of product consumed is a good basis for an FU. 

FUs based on a single ingredient, type of ingredient or other parameter relevant for foods function can also 
be used, but these can only reflect part of the function of food and are not related to the needs of the 
body. For example the amount of product containing 1 kg of protein is a possible FU for protein rich foods 
but should not be used as primary FU. 

A nutrient density index can be used as FU, but only as a secondary FU. It must be adapted to goal and 
scope of the study. The index used must be relevant to the products in question, e.g. so that important 
nutritional elements are included. Nutrients that should be limited should also be included and a cap on 
beneficial nutrients, e.g. protein, is another very useful element. Sensitivity tests should be carried out to 
explain the impact of choosing a certain index. It is also strongly recommended that the indices are clearly 
explained so that readers can recalculate results using other FUs.  This means that an index with 
proprietary elements such as NuVal is not recommended.  

1. A primary functional unit based on mass and volume is recommended for single food items. 
2. The unit should be linked to amount leaving the product system or amount in final consumption.  
3. The FU should be linked to quality parameters.  
4. Single ingredient, class of ingredient or other function relevant parameter (e.g. energy) can be used 

as FU but should always be used a secondary FU. The quality aspect (e.g. protein quality) should be 
taken into account in such FUs. 

5. Nutrient density indices (NDI) can be used as a basis for food FU, but only as a secondary FU, the 
choice must be justified and implications tested, e.g. by doing sensitivity analyses.  

Conclusions by the discussion group 

1. A primary functional unit based on mass and volume is recommended for single food items. 
2. The unit should be linked to amount leaving the product system or amount in final consumption.  
3. The FU should not be linked to quality parameters.  
4. Single ingredient, class of ingredient (such as amount of protein), energy content and dry matter 

content should be used as FU. The quality aspect (e.g. protein quality) should be taken into account 
in such FUs. 

5. Nutrient density indices (NDI) should not at this time be used as a basis for food FU, not even as 
secondary FUs. The reasons is that it can be seen as nutritional advice which should be left to 
nutritional experts. When, and if an internationally accepted NDI is developed some time in the 
future, it can be used as FU.  
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Chapter 2 – Granularity for the scope of PEFCRs 
Kim Christiansen, kimconsult.dk, 2016-05-16 

2.1 Background and challenges 

Granularity of scope in the PEFCR is a popular term for what is covered by the (goal and) scope definition 
according to ISO 14044 i.e. what is in and what is out in the boundary setting of the PEFCR study and any 
supporting LCA or LCI study from the product group perspective. In this chapter some key references on the 
background for understanding “granularity of scope” are summarized focusing on the core requirements of 
the documents. In the PEF project, the scope definition has been left for the PEFCR technical secretariats 
i.e. industry to define. The chapter gives some broader context to understand implications of this decision 
from the view-point of different standards and guidance documents as well as EPD schemes. 

2.1.1 ISO 14044:2006 Environmental management — Life cycle assessment — 
Requirements and guidelines 

The International Standard on life cycle assessment methodology is not very detailed on the requirements 
for “goal and scope definition” including choice of “functional unit” and “reference flow”. Basically, the 
choices can vary from study to study, but they shall be transparent and with a rationale so that the LCA is 
reproducible.  

Recently, a new working group (WG 11) under the LCA subcommittee (SC 5) of the ISO Technical 
Committee (TC 207) has drafted an amendment text including a new, normative annex C on Quantification 
of footprints. The text summarizes LCA requirements towards development of environmental footprints on 
single impact category footprints like carbon footprint of products and water footprint, but the 
requirements are also relevant for multiple impact categories footprints, like PEF, when such footprints 
make reference to ISO standards. The amendment is presently out for comments. Some of the key 
formulations are: 

 Standards addressing a specific footprint represent aspect-specific environmental management 
standards according to Annex SP of ISO/IEC Directives, Part 1, Consolidated ISO Supplement.  

 As a consequence, the requirements of ISO 14044 with regard the methodological framework for 
LCA (paragraph 4 of ISO 14044), reporting (paragraph 5 of ISO 14044) and critical review (paragraph 
6 of ISO 14044) shall apply according to the goal and scope of the footprint. 

 If any footprint is not communicated to third parties, the reporting requirements of ISO 14044 shall 
apply. If any footprint is intended to be communicated to third parties, a third party report 
according to ISO 14044, 5.2 shall be prepared as a documentation of the footprint quantification 
result. 

 When an organization decides to make a footprint quantification result publicly available, 
regardless of the chosen footprint communication, that footprint quantification result shall either: 

a. undergo an external critical review according to ISO 14044:2006, Clause 6, or 
b. be supported by a footprint disclosure report, which makes all the data used in the 

calculation of the footprint publicly available. 

 One ”footprint” addresses only one area of concern. A “footprint profile” addresses a limited set of 
environmental impacts. This is in conflict with the comprehensiveness principle of LCA. (…) As a 
consequence, footprints shall not be used for comparative assertions intended to be disclosed to 
the public. 

2.1.2 ISO 14025:2006 Environmental labels and declarations — Type III 
environmental declarations — Principles and procedures 

The International Standard “provides” within a voluntary framework “requirements for an organization 
choosing to develop and operate such a programme or to develop and use such declarations.” This means, 
that both PEF studies, PEFCRs and PEFs shall fulfil these requirements, if ISO 14025 is used as reference for 
the project. ISO 14025 includes a series of principles on life cycle basis, modularity, involvement of 
interested parties, comparability, verification and transparency among others that should be key 
characteristics of the PEF project.  
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The principles of ISO 14025 are formulated as requirements, which is no longer allowed by ISO i.e. they will 
be reformulated in the next revision. The following issues are covered by the present principles: 

1. Relationship with ISO 14020 – this is the generic labelling standard with the overall principles; also 
in ISO 14020 the principles are formulated as requirements. 

2. Voluntary nature – as all ISO standards, it is the decision of each individual organisation to use the 
standard being a programme provider or developer of an EPD. 

3. Life cycle basis – ISO 14025 requires the fulfilment of all requirements of ISO 14040 and 14044. 
Relevant aspects not covered by the life cycle assessment standards shall be addressed other 
appropriate methods. 

4. Modularity – introduces the concept of data modules for parts of the life cycle of a product e.g. 
specific materials or components used. The boundary of the data module shall be clearly stated. 
Other aspects of data quality are not specifically mentioned. 

5. Involvement of interested parties – this is taken from ISO 14020 and requires an open, 
participatory consultation process, but not necessarily a public consultation e.g. competitors may 
be invited. 

6. Comparability – underlines the intention of the standard to allow for comparisons of different 
products based on their EPD’s. The principles do not specifically include the often repeated 
statement that only EPD’s from the same product category and within the same programme can be 
compared. 

7. Verification – prescribes independent control of the use of LCA based data by verification of the 
PCR, the LCA, LCI, information modules and additional environmental information used for an EPD 
and the EPD itself.   

8. Flexibility – to accommodate both the LCA based requirements and the demands from the market, 
the standard allow for programme operators to be single companies, communication of only parts 
of the life cycle of a product and use of additional environmental information. 

9. Transparency – is to be ensured by general programme instructions, a list of all published PCR 
documents and the PCR documents, and other explanatory material being available for all 
interested parties from the programme operator. 

This chapter does not address the inclusion of all these principles but most of them. 

The “product category definition and description” and “the goal and scope definition for the LCA of the 
product” shall be covered by the PCR document (equal to PEFCR) but beyond a list of issues to cover no 
details are given. 

The standard introduces the concept of modularity to accommodate the construction sector and others for 
so-called “cradle-to-gate” LCA, i.e. not the full life cycle, and the “addition” of data from different 
information modules from different programmes and PCR’s. This implies a major risk of misguiding users of 
the resulting EPD’s as data sources, system boundary etc. can be very different from programme to 
programme and PCR to PCR. Therefore, a list of requirements is also given for comparability, also for 
intermediate products.  

2.1.3 EN 15804 Sustainability of construction works – Environmental product 
declarations – Core rules for the product category of construction products 

The European standard, developed by CEN for construction products only, is based on ISO standards on LCA 
and EPD, but do not fulfil all requirements due to compromises made in the process. The CEN standard also 
refers to a parallel ISO standard, ISO 21930, which is presently under revision and expected to be an EN 
15804 look-alike. If so, there is no need for the European version, as the ISO standard can be adapted by 
CEN. On the other hand, the European Commission is drafting a mandate for a revision of EN 15804, which 
could include new requirements etc. The revision includes a change of allocation rules to equal ISO 14044 
text, and focusing on avoiding allocation by subdivision. A proposal to include both accounting and 
consequential approach to Module D was not approved. 

EN 15804 defines in the clause on PCR, the stages and sub-stages of the life cycle of construction products 
(so-called information modules), i.e. a standardized allocation of all unit processes in the life cycle to 
specific headings and sub-headings for the EPD. Some of these stages shall be included (normative) i.e.  
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 the product stage including  

 raw material extraction and processing, including of secondary materials (from recycling) 

 transport to the manufacturer of a construction product, and  

 manufacturing, and  

 the use stage, including use and application of the installed product, maintenance, repair, 
replacement and refurbishment.  

 The End-of-life stage, including de-construction, demolition, transport to waste processing for 
reuse, recovery and/or recycling, and disposal, can be included (informative).  

An EPD for a construction product might therefore not include the full lifecycle (not comprehensive). 
Finally, benefits and loads beyond the system boundary include reuse, recovery and/or recycling potentials, 
expressed as net impacts and benefits. This is not in conformity with ISO 14044, as these impacts (negative 
or positive!) shall be included within the system, if they are significant to the overall impacts, and not 
needed to be included, if not. 

The text on functional unit is more unambiguous “The functional unit defines the way in which the 
identified functions or performance characteristics of the product are quantified. The primary purpose of 
the functional unit is to provide a reference by which material flows (input and output data) of construction 
product’s LCA results and any other information are normalized to produce data expressed on a common 
basis.” compared to the other findings of this clause. The standard includes more text on the “boundaries” 
of the stages and sub-stages, but there are no requirements on the product category classification using 
either European or International classification schemes. 

2.1.4 EPD programmes 

In the Swedish EPD-scheme4, which is globally applicable through cooperation with national programmes 
in several other countries, the the United Nations Central Product Classification (UNCPC) is used for the 
definition of the product category. In the EU PEF project, the European version from Eurostat, the 
Statistical classification of products by activity (CPA), is used.  

From the Swedish and the Norwegian EPD programs experiences where solicited at the seminar and 
afterwards. 

In the Swedish EPD scheme, the goal and scope is based on a discussion between the PCR Committee/PCR 
moderator, the Secretariat and the Technical Committee. As the review panel, the Technical Committee has 
the final say on the approval and publication of PCRs. For the food product category, they had an initiative 
a few years ago where we outlined the expected product categories in that sector, which was quite 
successful: http://environdec.com/en/PCR/What-are-product-category-rules/Network-of-PCRs/ . In the Norwegian 
scheme, the PCR groups decide the scope, but the Technical committee must approve the PCR. The 
requirements for goal and scope of ISO 14040 and 14044 shall be followed. For building products, the 
EN15804 is always used in addition to PCRs that are more specific. In this case, the scope will partly be 
decided by EN15804. In general, the scope decision is a dialogue process between EPD-Norway (including 
the Technical committee), the PCR group and other relevant stakeholders, and market demand for 
environmental information is typically the main driving force for creating PCRs. 

The UN classification system is mainly used for categorization, description and discoverability of the scope 
in the Swedish EPD. There are several examples of PCRs covering multiple CPC codes and other PCRs that 
only cover a sub-set of the most detailed CPC classification level (5 digits). There are not statistics available 
on the levels used. The Norwegian EPD scheme does not use a classification system, only broad 
categorization e.g. building products, and furniture).  

Harmonisation internally and with other EPD programmes is sought after, but this does not necessarily 
imply stricter rules in the future for both programmes. 

In the Swedish EPD scheme, data quality assessment has to be performed using an approach similar to the 
approach in the PEF project, but with less quantification. PCRs in the same supply chain cross-reference 
each other rather than repeat the same guidance. 

                                                           
4 www.environdec.com  

http://environdec.com/en/PCR/What-are-product-category-rules/Network-of-PCRs/
http://www.environdec.com/
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Similarly, in the Norwegian scheme, there is a verification process, where an independent third party 
verifier checks data quality. Data modules are treated as any other input data, and they must fulfil certain 
criteria (e.g. representativeness geographically, technologically, etc.). 

2.1.5 The COMMISSION RECOMMENDATION of 9 April 2013 on the use of common methods to measure 
and communicate the life cycle environmental performance of products and organisations 

The recommendation includes as annex II the PEF guide with detailed procedures for PEF studies, PEFCRs 
etc. Chapter 4 address the scope of the PEF study. The requirements are similar to ISO 14044 although a 
selection is made on the issues to include. In a footnote it is stated that “The reference flow is a measure of 
the outputs from processes in a given product system to fulfil the function expressed by the unit of 
analysis.” ISO 14044 is included as basis of this statement. Flow shall be flows or outputs shall be output? A 
functional unit typically has functions at different levels or rather the function cannot be expressed without 
supplemental quality characterization.  

As requirement for PEF studies the “what”, “how much”, “how well” and “how long”, which is applied by 
some PEFCRs, but not all. For the PEFCR, an example is given by a T-shirt.  

“The reference flow can be expressed in direct relation to the functional unit or in a more product-oriented 
way.” This sentence is difficult to understand. The PEFCRs vary a lot in the granularity of scope and thereby 
making comparability limited or impossible even at a semi-quantitative level. ISO 14044 is more specific: 
“Having chosen the functional unit, the reference flow shall be defined. Comparisons between systems 
shall be made on the basis of the same function(s), quantified by the same functional unit(s) in the form of 
their reference flows. If additional functions of any of the systems are not taken into account in the 
comparison of functional units, then these omissions shall be explained and documented. As an alternative, 
systems associated with the delivery of this function may be added to the boundary of the other system to 
make the systems more comparable. In these cases, the processes selected shall be explained and 
documented.” Why these “uncertainties” are introduced for the PEF is not explained, but referred to 
methodological decisions by JRC. 

The plural “system boundaries” is used in the heading but in singular, and correct, in the text. 

Table 9 (p. 65) is a summary of the key mandatory requirements for PEF studies and additional 
requirements for developing PEFCRs and could be used as a very useful check list for reviewing the PEFCRs 
and the PEFs. Some observations on the list are: 

 Chapter/section 2.3 includes the requirement for the use as minimum of a 2-digit CPA code 
division. “Where multiple production routes for similar products are defined using alternative CPAs, 
the PEFCR shall accommodate all such CPAs.” 

 4.1 Scope definition with 4 of 14 issues listed compared to ISO 14044. 

 4.2 Unit of analysis and reference flow: What, how much, how well, and how long as well as the 
NACE code(s). “The PEFCR shall specify the unit(s) of analysis”. 

2.1.6 EU PEFCR guidance 

In the latest version of “Guidance for the implementation of the EU Product Environmental Footprint (PEF) 
during the Environmental Footprint (EF) pilot phase” (Version 5.2 – February 2016)” pilot testers are 
advised to define an as broad as possible scope for the PEFCR, including all products that are capable of 
fulfilling the same function.” Unfortunately, it is not possible to define a single determining function for a 
product – it is typically a combination of functions or more precise uses by the professional or private user 
or consumer. Therefore, a use-oriented definition of the product category would be more consistent to 
allow for the “equally important objective is to enable comparisons and comparative assertions in all cases 
when this is considered feasible, relevant and appropriate.” 

Furthermore, it is stated that “The decision on how wide or narrow the scope of a PEFCR should be is a mix 
of a political and technical decision.”, i.e. the PEFCR technical secretariats can define the product category 
not based solely on a consistent and systematic analysis, but also on a political power struggle. This will not 
increase credibility or public trust in a scheme based on the pilot projects. 
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“Available PEFCRs shall always be used as modules when developing new PEFCRs or revising existing ones”  
has not been checked for this discussion paper in the PEFCRs due to time restrictions, but the observation 
by EEB experts are that this is only happening in few cases.  

Another observation is that the representativeness of the PEFCR towards the actual product category is 
based on participation of the major competitors, the market share covered, and the involvement of 
stakeholders. No requirements from the international standards or similar scientific criteria are used. In the 
PEFCRs technical secretariats there have been limited involvement of NGOs or consumers i.e. some 
interested parties are seldom involved in the core decisions on e.g. “granularity of scope”.  

The guidance states: “As recommended in ISO 14044, if additional functions of any of the systems or if 
some products that fulfil the same function are not taken into account in the comparison of the functional 
unit, then these omissions shall be explained and documented.” The citation is full and fair, but 
documentation of omissions does not make products comparable. 

“The PEFCR shall clearly state the product category for which the PEFCRs apply by using descriptive 
language.” A descriptive language should be based on a descriptive procedure for the definition of the 
product category.  

The definition of “a representative product” (RP) could be a remedy if the representative product – or 
reference product as it is often called in LCA – can be clearly identified (chapter 3.4), but as indicated 
below, a more systematic procedure often leads to more than one alternative i.e. “representative 
products” (plural). This is also foreseen by the PEFCR guide “several RPs may need to be identified”, but as 
a “may”. 

In the PEF project, the European Commission PEF secretariat has produced a presentation5 on granularity 
for a first discussion in TAB on a new issue paper on “granularity of scope” by Imola Bedo of the DG 
Environment, Environmental Footprint Team. The objectives for an issue paper were presented with focus 
on a “consistent set of rules to calculate and communicate” i.e. which “function, product category, or 
sector” is defined by the goal and scope of the PEFCR, in a way “meaningful to the users of the information” 
and “enabling comparisons where feasible, relevant and appropriate”. The new issue paper is “intended to 
guide a future scheme” based on experiences from the present pilots and a set of principles for defining 
granularity. According to the present version of the PEF guide, PEFCRs shall be based on a minimum of a 2-
digit CPA, though 3-digit is allowed. In the latest version of CPA from 2008 level 2 comprises 88 groups 
followed by 

Level 3: 261 

Level 4: 575 

Level 5: 1342 

Level 6: 3142 

2-digits are not used by any pilot, according to Bedo, whereas 3-digits are used by 3 of 24 PEFCRs – most 
frequently used is level 6. But some PEFCRs are also covering multiple codes or not the full code. Currently, 
the scope is based on product name, sector name, materials used, applications of the product, the function 
(but not differentiated) or legislation, according to Bedo. Finally, Bedo suggest to combine a set of 
approaches (so-called principles) i.e.  

 the users perspective (consumer perspective on products fulfilling the same need) 

 similarity of products e.g. based on the same upstream processes (named modules, but this is 
confusing as modules are not a well defined term) e.g. dairy (meaning based on the same raw 
material acquisition and manufacturing processes), or  

 coverage of sector organisation or alike. 

It is not yet clear what is to be combined and how. 

                                                           
5 https://webgate.ec.europa.eu/fpfis/wikis/display/EUENVFP/Granularity+of+scope  

https://webgate.ec.europa.eu/fpfis/wikis/display/EUENVFP/Granularity+of+scope
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The PEF helpdesk produces a series of supporting papers; at present they have not addressed the 
“granularity of scope” issue except for a short discussion paper on biodiversity (Goedkoop et al., 2015), 
where the term is also used for impact categories e.g. biodiversity. 

Experts from European Environmental Bureau are following the work of the PEFCR pilots, and among the 
outputs are comparison tables on different issues6 including  

 Scope of Granularity - broad or narrow, average or detailed? Many sub-categories?  

 Functional Unit  

 Benchmark Product(s) - Which Average? Benchmark per Sub-Category? Information on possible 
comparison? 

As indicated above by Bedo, the variation in granularity of scope is high, some are very narrow and some a 
very broad sometimes with many sub-categories. Especially for construction products like thermal 
insulation, where comparative assertions are one of the goals, or for metal sheets, the great variation in 
materials used is a challenge to comparability without a very detailed scope definition. The functional units 
are also quite varied, some of them easy to understand, others very technical. Some reference flows are 
difficult to understand e.g. for photovoltaics. For the consumer, it might be difficult to understand, why 
packaging is included for beer but not for meat. 

Details on the product scope and classification can be found in a working paper available from the author 
(kim@kimconsult.dk), where both the use of CPA codes and reference to text of ISO 14044 and ISO 14025 
can be found.  

2.1.7 Alternative approach 

In the Danish methodology and consensus project, a working group reported on “The product, functional 
unit, and reference flows in LCA” (Weidema et al, 2004). The report includes a detailed discussion on the 
“function” as a core condition for defining the scope of an LCA and thereby also an EPD PCR or PEFCR.  

The PEFCR’s are clearly based on an “attributional” LCA approach, and not the “consequential” approach 
used by the Danish project. Except for the system expansion used for energy utilization in the end-of-life 
formula (see chapter 3), which according to the project leader was a mistake. 

The central issue in the scope definition is to recognize that both intermediate and final products are sold 
on competitive markets where the product has a functional specification that the customer requires to be 
fulfilled. This shall be the basis for defining the functional unit. PEF could therefore use the procedure for 
unambiguous definition of functional units in LCA which was arrived at in the Danish methodology 
consensus-project (Weidema et al. 2004), based precisely on the understanding that the functional unit 
shall express the obligatory product properties on the market segment where the product is sold. This 
procedure has also been adopted by the ecoinvent database (Weidema et al. 2011). 

The starting point is determining the object of the study based on 5 steps: 

Step 1: Describe the product by its properties 

 Identify - out of all the properties of the studied product – those properties that the product must 
have in order to be at all considered as a relevant alternative. These, so-called obligatory product 
properties - are the properties that are to be included in the functional unit. 

 Analyse systematically all product properties and judge for each one whether it leads to differences 
in the amount of substituted product or in the interaction with other product systems. If several 
such additional properties can be identified, investigate whether one of the properties can be 
identified as the one determining the difference in performance. 

 Use a broad function-based perspective, i.e. based on the needs fulfilled by the products (e.g. 
"seating support during one year") rather than based on the physical products themselves (e.g. 
"chairs") to avoid a (too) narrow product perspective, i.e. when studying intermediate products, 
components, or products that are otherwise very dependent on other products. 

                                                           
6 The other issues are 1) Readability of PEFCR - user friendly? All relevant information available? --> Practicability also 
for SMEs (with little LCA expertise) 2) Biodiversity 3) Water ecosystems 4) Biogenic carbon accounting 5) Recycling 6) 
Toxicity and 7) AOB 

mailto:kim@kimconsult.dk
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Step 2: Determine the relevant market segment 

 Identify the market segment in which the potential product substitution is taking place 
(geographically, temporally, and in terms of customer segment). 

Step 3: Determine the relevant product alternatives 

 Out of the products that may be involved in a product substitution (as identified in the previous 
steps), determine what products shall be included in the study. This depends on the goal of the 
study. 

Step 4: Define the functional unit 

 The relevant market segment and the obligatory product properties were already determined in 
the previous steps. Thus, what remains to be done in this step is the quantification. 

 As a reference unit, the size of the functional unit is - in principle - arbitrary. However, two rules of 
thumb may be applied: 

 When studying substitutions involving the entire market of a major product or process, 
choose a functional unit of the same magnitude as the affected market. 

 For small substitutions, set the size of the functional unit equal or close to the annual per 
capita consumption of the studied product (facilitates the comparison of the outcome of 
the study to other known quantities). 

Step 5: Determine the reference flows 

 Translate the abstract functional unit into specific product flows for each of the compared systems. 

 Take into account all those properties, which were identified in step 1 as determining for a 
performance difference. 

 For each of the properties identified as having a determining influence on the amount of product 
consumed, determine a relative measure of the extent to which the studied products are expected 
to (be able to, ed.) substitute each other. 

 For a composite product, the reference flow will typically be identical to the parts list of the 
product, multiplied by the relevant factors to scale it to the functional unit. 

 For each of the properties identified as leading to differences in the way that the compared 
systems interact with other systems, modify the system boundaries to avoid these 
differences. Include all significant changes in consumer behaviour. More detailed 
investigation, to determine exactly what additional processes are to be included as a result 
of differences between the analysed systems, does not have to be finalized as part of the 
procedure described here, but may be postponed to the general description of what is 
included in and excluded from the analysed systems. 

More details and examples can be found in Weidema et al (2004), which also includes this summary in form 
of a figure and the checklist included above: 



24 
 

 

2.2 Challenges 

1. Using the term “granularity” might confuse the users of the PEFCR guide, the PEFCRs and the resulting 
PEFs, as it is used both for “scope definition” and for “impact assessment”.  

2. The principles of ISO 14025 for Type III environmental declarations listed above are in principle 
integrated into the COMMUNICATION and PEFCR guide, but some deviations can be questioned 
especially on modularity, involvement of interested parties, and comparability. They are basically 
founded in the “scope definition” of the PEFCRs, where the final decision on representativeness is, 
evidently, based more on technical and political arguments, and less on a transparent and consistent 
procedure. 

3. The PEFCR pilots are not using the recommended level of product group classification based on CPA. 
4. Some pilots are using multiple product group classifications and others not even a full. Comparisons as 

well as modularity are therefore impossible across the existing pilots. 
5. The PEF guide is proposed to consider using the consistent method from the Danish LCA project. The 

use of CPA, complemented by NACE codes, is, not enough to avoid too wide or to narrow scopes. And 
this causes lack of comparability and modularity. 

2.3 Recommendations 

1. Avoid using the term “granularity” and other terms like “unit of analysis”, where well-defined terms are 
available in ISO standards. 

2. Rewrite the PEFCR guide based on Weidema et al. (2004) for a consistent approach to the scope 
definition i.e. the definition of the product category. This will fulfil the requirements of the ISO 
standards including the principles and requirements of ISO 14025 and requirements of ISO 14044. 
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Chapter 3 - End-of-Life formula in PEF methodology  
Sirkka Koskela, Finnish Environment Institute, SYKE, 2016-05-11 

3.1 Introduction 

This chapter is addressed to the NEF (Nordic Environment Footprint) project and will be utilized as part of 
the NEF seminar report to be delivered to representatives from the European Commission’s Product of 
Environmental Footprint (PEF) project. The aim of this paper is to explore the feasibility of the End-of-Life 
(EoL) formula presented in the PEF methodology (2013/179/EU)7 to assess the end-of life impacts of 
products. 

3.2 Background 

According to the definition of EoL the end-of-life stage begins when the used product is discarded by the 
user and ends when the product is returned to nature as a waste product or enters another product’s life 
cycle (i.e. as a recycled input). As the end-of-life of a product can be very complicated including various 
recovery operations and management systems, end-of-life scenarios should be defined in PEFs. 

The EoL formula deals with multi-functionality in end-of-life situations applying both closed-loop and open-
loop recycling. The result Resource Use and Emission Profile (RUaEP) per unit of analysis is estimated using 
the formula: 
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See parameter definitions in Annex 1 of this document. 

The first two boxes describe  

1. the resource use or emission profiles for the input of virgin and  
2. recycled material to the production process focusing on the previous product systems.  

The other three boxes describe the output side: 

3. recycling/reuse, where downgrading in the quality has been taken into account 
4. energy recovery, and  
5. disposal of waste (landfill, incineration 

The EoL formula, called the baseline scenario 50:50, allocates the impacts and benefits due to recycling 
equally between the producer using recycled material and the producer producing a recyclable product. 
Other approaches such as 100:0 (using a recycled material to produce a product, but not producing a 
recyclable product) or 0:100 (producing a recycled product, but not using recycled material in production), 
can be tested in the pilots, but the scenarios have to be based on the real situation. All pilots dealing with 

                                                           
7 The Commission Recommendation on the use of common methods to measure and communicate 

the life cycle environmental performance of products and organisations (2013/179/EU) was 

published in the Official Journal of the European Commission on 4 May 2013 (Volume 56). The 

method is under testing in the Environmental Footprint Pilot project (2013 – 2016). 
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final products used the 50:50 baseline formula and the default values for different parameters were 
provided by the EF Pilot project.  

3.3 Findings and remarks 

3.3.1 Previous discussions  

A lot of criticism related to the EoL formula has focused on the 50:50 approach for metals (e.g. Weidema 
2015). The formula tries to combine two distinct market situations into one formula and thus does not 
reflect the real situation in recycling markets (Weidema 2015). The supply and demand should be taken 
into account as it works in real life.  

Wolf and Laget (2014) in their presentation in the EoL workshop suggested an integrated formula, which 
partly solves the above mentioned problem. The formula has been developed by Wolf, Chomkhamsri and 
Ardente since 2010. One solution could be to also add the quality factor to the input side of the formula: 

According to the authors the integrated formula reflects an increased recycling rate or quality which means 
proportionally lower impacts as far as recycling has lower impacts than primary production, and accounts 
for a net loss in quantity and quality. The integrated formula has been introduced to the Pilot project and 
will be discussed further in the EoL seminar of the PEF project in June, 2016. 

The French approach (BPX30-323-0) has the same structure as the PEF EoL formula divided into three parts: 
virgin material, recycling and disposal (ADEME 2014). There are also differences e.g. in allocation of 
recycling (100:0, 0:100, 50:50 for different kinds of situations) and in allocation of energy recovery. It is 
possible to use the same energy allocation as in the PEF guide, except when the downstream product that 
received the recovered energy is identified, the use of 50/50 allocation is recommended.  

In the Pilot project for construction materials Debacker et al. (2014) proposed a formula in line with 
EN15804, which resembles the integrated EoL-formula, but is not exactly the same. They recommend 
studying all cases individually. 

It has also been discussed how necessary the EoL formula is. Could all reuse, recycling and recovery be 
tackled using the system expansion method from the ISO 14044 standard? However, this would mean that 
in some cases the product system would expand to unfavourably complicated systems. 

3.3.2 PEF pilots 

The PEF guidance for the end-of-life scenario emphasized that a scenario should be based on the real 
situation currently in place and that recycling rates should be defined per application, rather than per 
material. Additionally, the substituted virgin material and the efficiency of the recycling process should be 
defined. Using of the proposed baseline formula was obligatory in all pilots, but it was recommended to 
test alternative approaches with sensitivity analyses. In total six different approaches were tested (100:0, 
0:100, integrated formula, EN15804 module D, quality corrected input, French approach). 

In the pilot studies the EoL formula has been applied mostly for packaging (e.g. paper, cardboard, glass, 
aluminium) using the given default values (recycled contents, recycling rates etc.). Moreover there were 
more complicated end-of-life phases among the pilots, e.g. end-of-life of rechargeable batteries in which 
different metals are salvaged. However, the EoL stage was an insignificant life cycle stage in most of the 
pilots. The biggest problem in assessing the impacts of the EoL stage was the generic data which was not 
very high quality. Additionally, some sensitivity analyses were conducted with alternative formulas or 
parameters. 

(1 - R1) 𝗑 EV + R1 𝗑 QSin/QPin 𝗑 E§V +R2 𝗑 (ErecyclingEoL – E*V 𝗑 QS/QP) 

where QSin/QPin = Ratio for any differences in quality (or replaced quantity) between the 
secondary material and the primary material of the recycled content, where QSin is the 
quality of the secondary material and QPin the quality of the primary material. 

E§V = Resources consumed/emissions for the acquisition and pre-processing of virgin 

material assumed to be substituted by the secondary material 
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A more comprehensive analysis was conducted by JRC (EU Joint Research Center) in April, 2016. The 
analysis tried to find inconsistencies in the parameters of the formula. The main inconsistencies appeared 
in definitions of recycled content R1 (pre-consumer and/or post-consumer), recycling rate R2 (collection rate 
or recycling rate) and quality factors Qs/Qp (many different accounting systems). Additionally, the contents 
of Ev, ED and Er varied. Based on these findings, JRC made plans for next steps to improve the formula and 
guidance on how to determine parameters of the EoL formula (with focus on R2, E*v, quality factors, Ed 
(e.g. disposal includes or not energy recovery from landfills and how to deal with incineration without any 
energy recovery)) and on how to determine if inherent properties of a material have changed upon 
recycling (quality factors at the input side, to be consistent with the output side?). Additionally, the point of 
substitution must be reconsidered, and the energy recovery formula should be revised. 

3.3.2 LCA practitioners’ feedback 

While working on this paper, a group of Finnish LCA practitioners gathered to discuss the EoL formula. The 
following questions and comments came up during the meeting. 

 The EoL formula initially looked very complicated, but when it is divided into parts it was more 
understandable. 

 The formula covers all relevant EoL activities. 

 How could different re-use options be better represented in the formula? It is not always the same 
as recycling. 

 Now, the input resources are included in the EoL stage, is this justified? 

 Is 50/50 allocation equitable? Does it give too much weight to the virgin fibres? 

 Downgrading is very problematic to estimate. 

 The number of times of cycles is not shown in the formula. 

 Benefits from energy recovery in the municipal waste incineration are in the disposal stage and not 
in energy recovery. 

 Parameter values should be freely and easily available. 

3.3.3 Suggestions from NEF-LCA experts workshop 

The NEF- LCA experts’ workshop was held in April, 2016, in Copenhagen. The EoL group of the workshop 
discussed widely whether to use an attributional vs. consequential approach in the EoL formula. The 
Commission has chosen the principle that EF is based on the attributional method even if the EoL formula 
has elements from the consequential method. However, there are possibilities to extend the attributional 
approach in the EoL phase, for example by using cut-off rules between product systems, when no burdens 
and no credits are obtained for the initial product system (Ekvall and Tillman, 1997, Nicholson et al. 2009). 
In this approach, the challenge is where to make the cut in the recycling process and where in the energy 
recovery process. Another possibility is to use an allocation method, which divides burdens from virgin 
materials (Ev) between products and energy recovery. This requires slight modifications for the current EoL 
formula of material recycling but more modifications for energy recovery (no benefits, reduced burden due 
to one more function in material life cycle). One expert proposed to use one database with average virgin 
and recycled materials. Another expert stated, that system expansion is typically based on virgin materials 
data. 

Additionally, the group considered the situation where the formula will remain as it is with some parts of 
consequential system expansion, but then improvements suggested by JRC (see section PEF pilots) should 
be carried out. For instance, quality factors should be considered both for input and output side and the 
benefits from energy recovery should be divided by 2. One very good option is that there will be different 
approaches for different materials reflecting the current market situation (50/50, 0/100, 100/0). 

The group also discussed impacts of recycling rounds for the quality of fibres in paper industry. Accounting 
methods have been developed to solve this problem for many years. Newest attempt has been done in 
Reffibre EU project. The new formula for paper recycling differs from 50:50 approach, because default 
values of recycling on the European level have been taken into account.  
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3.4 Conclusions 

 PEF is going to be used in product comparisons, therefore the consistencies within parameters 
should be ensured. According to the pilot summary of implementation of the EoL formula better 
guidance is required (which will happen in the future). 

 How to deal with an attributional vs. consequential approach in the EoL formula? It is still worth 
discussing among method developers. Which of the methods applies best to the EoL formula: Cut-
off rules, allocation or a system expansion method?  

 How can the market situation be taken into account in the formula? The French approach that 
there will be different approaches for different materials reflecting the current market situation 
(50/50, 0/100, 100/0) is a good option. 

 The determination of quality factors is problematic, for example: How do recycling rounds affect 
the material quality and avoided environmental impacts? A relation Qs/Qp does not cover several 
life cycles. Now, the quality assessment does not reflect the reality. For examples, fibres in paper 
production can be recycled only 4-6 times, and losses in steel cycles are significant. The aim would 
be to find out the real avoided impacts due to recycling and this requires detailed studies on cycles 
of different materials (metals, glass, fibre, plastics). 

 How could re-use be better represented in the formula? Do we need an individual formula for 
reuse? How to take into account differences between collected vs recycled amounts of materials? 
The formula is not applicable to all types of reuse scenarios and it should be clearly explained what 
type it is suitable for. 

 Reuse is a way of preventing waste generation and most effectively, this is obtained by reusing the 
product in its original form several times. Some products and their reuse scenarios may require 
preparation before reuse, and this type of processing or other preparation can be considered to 
happen in the end of life –phase. This formula doesn’t show the benefits of prolonging the product 
life cycle by reusing several times. 

 Energy recovery processes should be revised taking into account all possible alternatives, for 
example: Is it necessary to highlight municipal waste incineration and energy recovery in landfills 
more? According to the PEF method, the disposal stage can include e.g. landfilling, incineration, 
pyrolysis. The benefits can be achieved by recovering methane from landfills or producing energy in 
municipal waste incineration.  

 How can the quality of the data required for EoL formula be improved? Now the quality of the data 
is not sufficient. In many pilots data are considered to be poor. 
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Annex 3.1: Definitions of parameters for EU PEF end-of-life formula8  

R1 [dimensionless] = “recycled (or reused) content of material” 

R2 [dimensionless] = “recycling (or reuse) fraction of material” 

R3 [dimensionless] = the proportion of material in the product that is used for energy recovery 

EV = specific emissions and resources consumed (per unit of analysis) arising from the acquisition and pre-
processing of virgin material. 

EV
∗  = "specific emissions and resources consumed (per unit of analysis) arising from the acquisition and pre-

processing of virgin material assumed to be substituted by recyclable materials: 

Erecycled = specific emissions and resources consumed (per unit of analysis) arising from the recycling process 
of the recycled (or reused) material, including collection, sorting and transportation processes. 

ErecyclingEoL = specific emissions and resources consumed (per unit of analysis) arising from the recycling 
process at the end-of-life stage, including collection, sorting and transportation processes. 

ED = specific emissions and resources consumed (per unit of analysis) arising from disposal of waste 
material at the EoL of the analysed product (e.g. landfilling, incineration, pyrolysis). 

ED
∗  =specific emissions and resources consumed (per unit of analysis) arising from disposal of waste 

material (e.g. landfilling, incineration, pyrolysis) at the EoL of the material where the recycled content is 
taken from 

If only closed-loop recycling takes place: ED
∗  = ED 

If only open-loop recycling takes place: ED
∗  = E’D represents the disposal of the material where the recycled 

content is taken from. 

EER = specific emissions and resources consumed (per unit of analysis) arising from the energy recovery 
process 

ESE,heat = specific emissions and resources consumed (impact per MJ e.g. [kg CO2e/MJ]) that would have 
arisen from the specific substituted energy source, heat. 

ESE,elec= specific emissions and resources consumed (impact per MJ e.g. [kg CO2e/MJ]) that would have 
arisen from the specific substituted energy source, electricity. 

LHV = Lower Heating Value [e.g. MJ/kg] of the material in the product that is used for energy recovery. This 
should be determined with an appropriate laboratory method. 

XER,heat [dimensionless] = the efficiency of the energy recovery process (0<XER<1) for both heat and 
electricity, i.e. the ratio between the energy content of output (e.g. output of heat or electricity) and the 
energy content of the material in the product that is used for energy recovery. XER shall therefore take into 
account the inefficiencies of the energy recovery process (0=<XER<1). 

XER,elec [dimensionless] = the efficiency of the energy recovery process (0<XER<1) for both heat and 
electricity, i.e. the ratio between the energy content of output (e.g. output of heat or electricity) and the 
energy content of the material in the product that is used for energy recovery. XER shall therefore take into 
account the inefficiencies of the energy recovery process (0=<XER<1). 

Qs = quality of the secondary material, i.e. the quality of the recycled or reused material 

Qp = quality of the primary material, i.e. the quality of the virgin material 

  

                                                           

8 (Source: 2013/179/EU) 
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Annex 3.2: Definitions of parameters for the French end-of-life formula9 

EV Impacts tied to extracting or producing the primary raw material + impacts tied to processing 
the raw material into virgin raw material; 

EV’ Impacts tied to extracting or producing the substituted primary raw material + impacts tied 
to processing the substituted raw material into virgin raw material (in an open-loop recycling 
system); 

ER Impacts tied to collecting recycled waste + impacts tied to sorting recycled waste + impacts 
tied to reclamation + impacts tied to processing operations generating useable raw 
materials; 

Ed Impacts tied to collected landfilled waste + impacts tied to landfilling or impacts tied to the 
sewage treatment plant (e.g. end-of-life of toilet paper); 

EiOM Impacts tied to collecting incinerated waste + impacts tied to the incineration of household 
waste; 

Eboiler Impacts tied to collecting energy-recovery waste + impacts of the boiler; 

Eheat Average national impacts of heat production; 

Eelec Average national impacts of electricity production; 

LHV Lower heating value; 

LHVOM Lower heating value of household waste in France; 

r1n Yield tied to heat production in household waste incineration plants; 

r2n Yield tied to electricity production in household waste incineration plants; 

r3n  Yield tied to heat production in the boilers; 

r4n Yield tied to electricity production in the boilers; 

R1 or R1x Specific rate of raw material recycled from the material; 

R2 National recycling rate for the considered application ); 

R1y Specific rate of raw material recycled from another material presenting similar properties 
(e.g. paper and carton); 

R4 Rate of material collected in the considered loop and recycled in another loop; 

Ve Rate of material collected for a subsequent specific energy recovery process; 

I National rate of household waste incineration. 

  

                                                           
9 (BP X30-323-0) 
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Chapter 4 - Uncertainty assessment in the Product 
Environmental Footprint (PEF) guide  
F. Röyne and J. Berlin, SP Technical Research Institute of Sweden, 2016-05-11 

4.1 Uncertainty types in LCA 

The influence that one LCA methodological choice has on the value of another (such as the global warming 
potential of a product life cycle) can be defined as sensitivity (Björklund 2002). Sensitivity contributes to 
variability or uncertainty. There exist different typologies for describing uncertainties in LCA (Lloyd & Ries 
2007). A comprehensive typology is that by Huijbregts et al. (2003), who distinguish uncertainty in three 
types: 

1. Parameter uncertainty: Uncertainty in data caused by imprecise estimates, assumptions or 
measurements 

2. Scenario uncertainty: Uncertainty caused by value choices 

3. Model uncertainty: Uncertainty in the models ability to represent the real world 

The uncertainty stems from both a lack of knowledge about phenomena in nature, and the variety of ways 
to model the system under study. Baumann and Tillman (2004) have listed the LCA methodology choices 
that contribute most to uncertainty in results as: a) the definition of functional unit, b) system boundaries 
and allocation procedure, c) type of data used, and d) impact assessment. Reap et al. (2008) agree on the 
four issues but expands the list by including e) social and economic impact, f) alternative scenario 
considerations, g) negligible contribution (“cut-off”) criteria, h) technical, spatial and temporal variations, i) 
weighting and valuation, and j) uncertainty in the decision process. As uncertainty stems from such 
numerous and various sources, it is important that all are acknowledged for robust uncertainty estimations. 

4.2 The treatment of uncertainty in PEF 

The current PEF guide (European Commission 2012) stresses the importance of estimating uncertainty. The 
guide describes uncertainties in stochastic uncertainties (parameter and models) and choice-related 
uncertainties. The requirements of the treatment of uncertainties are only briefly described i.e. for PEF 
studies: at least a qualitative description of the uncertainty, for PECRs: description of common uncertainty 
to the product category. 

The new PEF Pilot Guidance (European Commission 2016) is a compilation of the original PEF guide and 
other documents such as ISO 14025 and the GHG protocol (list of document in section 1.3.2 Relationship to 
other Standards or Guidance documents). A brief description of the treatment of uncertainty in the new PEF 
guide follows, in order to guide towards our recommendations. 

For a dataset, which is supposed to be Environmental Footprint (EF) compliant, a list of technical 
requirements need to be fulfilled. The list includes; 

 Documentation 

 Nomenclature 

 Review 

 Other methodological requirements 

 Data quality criteria and scores 

Among actions in the list above, “Other methodological requirements” and “Data quality criteria and 
scores” need more explanation. For the “Other methodological requirements”, the following requirements 
shall be fulfilled in order to classify a life cycle inventory dataset as PEF-compliant: 

 Cut-off: a cut-off rule of 95% based on material or energy flow or the level of environmental 
significance. 
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 Handling multi-functional processes: (1) subdivision or system expansion; (2) allocation based on a 
relevant underlying physical relationship (substitution may apply here); (3) allocation based on 
some other relationship. 

 Direct land use change: GHG emissions from direct LUC allocated to good/service for 20 years after 
the LUC occurs, with IPCC default values.  

 Carbon storage and delayed emissions: credits associated with temporary (carbon) storage or 
delayed emissions shall not be considered in the calculation of the EF for the default impact 
categories. 

 Emissions off-setting: not to be included. 

 Capital goods (including infrastructures) and their End of life: they shall be included unless they can 
be excluded base on the 95% cut-off rule. The eventual exclusion has to be clearly documented. 

 System boundaries: system boundaries shall include all processes linked to the product supply 
chain (e.g. maintenance). 

 Fossil and biogenic carbon emissions and removals:   

 Time period: emissions and removals shall be calculated as if released or removed at the 
beginning of the assessment method (no time discount is allowed).  

 GHG emissions – fossil: These flows account for greenhouse gas emissions to any media 
originating from the oxidation and/or reduction of fossil fuels by means of their 
transformation or degradation. 

 Carbon emissions and uptakes – biogenic: This indicator covers carbon emissions to air 
from the oxidation and/or reduction of biomass by means of its transformation or 
degradation and CO2 uptake from the atmosphere through photosynthesis during biomass 
growth. The CO2 uptake by a native forest is excluded and not modelled.  

 Carbon emissions – land use and transformation: These flows account for the carbon 
uptakes and emissions originating from carbon stock changes caused by direct land use 
change and soil carbon uptake (accumulation) and emissions through land management. 
Carbon exchanges from deforestation, road construction or other soil activities shall be 
included. The CO2 uptake by a native forest is excluded and not modelled.  

For Data quality criteria and scores, following procedure is suggested; the dataset quality shall be 
calculated based on the specific quality criteria. A semi‐quantitative assessment of the overall data quality 
of the dataset shall be calculated summing up the achieved quality rating for each of the quality criteria, 
divided by the total number of criteria. The Data Quality Rating (DQR) result is used to identify the 
corresponding quality level. The semi‐quantitative assessment of the overall data quality of the dataset 
requires the evaluation (and provision as metadata) of each single quality indicator. The DQR consist of six 
quality metrics:  

1. Technological representativeness (TeR),  

2. Geographical representativeness (GR), 

3. Time-related representativeness (TiR), 

4. Completeness (C), 

5. Precision/uncertainty (P), and 

6. End-of Life Formula (EoL)  

Each of the six DQR quality metrics is given a quality rating from 1 (very good) to 5 (very poor) based on 
criteria specific to each of the quality metrics, see Annex 4.1. 

The formula to re-calculate the final DQR for the dataset follows: 
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The appropriateness of the quality metrics and their assessment criteria to cover the uncertainty aspects is 
discussed in the following sections, which are organized according to the typology by Huijbregts et al. 
(2003).  

4.3 Parameter uncertainty 

Uncertainty in input data (parameter uncertainty) has been a focus in the LCA research community for a long 
time (Guo & Murphy 2012), and is perceived as an important source of uncertainty in final results. 

Parameter uncertainty, the uncertainty in data caused by imprecise estimates, assumptions or 
measurements, is treated by DQR quality metrics 1-3 and 5. 1-3 treat uncertainty caused by variability in 
three different dimensions (technical, geographical and temporal). 5 treats the uncertainty in the data 
sources. The definitions of DQR quality metric 4 Completeness is unclear both in the current and new guide 
(European Commission 2012 and 2016). In the new guide, it covers the number of environmental impact 
categories included (model uncertainty). In the current guide Completeness also points to inventory data. 
The new guide treats data completeness in “Other methodological requirement” with an absolute cut-off 
rule of 95% based on material or energy flow or the level of environmental significance.  

The sources of parameter uncertainty are transparently treated in the current DQR framework. The division 
in the different quality metrics and the description of quality gives clear indications to the audience of where, 
how and when data sources are robust or problematic. It is therefore valuable that such a matrix is filled out 
and presented, see Annex 4.1.However, scoring the different DQRs and calculating a single data quality score 
is more problematic, for two reasons; 1) the quality rating gives a perception of scientific judgement, and 2) 
each criteria is treated with the same importance.    

4.4 Scenario uncertainty 

Uncertainty due to value choices (scenario uncertainty) has recently started to receive more attention 
(Hellweg & Milà I Canals 2014, Gregory et al. 2013, De Schryver et al. 2013, Lloyd &Ries 2007). Value 
choices concern how data are treated and not the actual number of the data. As such choices can also 
contribute substantially to uncertainty in results, it is important that they are properly acknowledged, 
identified and estimated. For example, inclusion/exclusion of life cycle stages, and choice of allocation 
method, has been shown to potentially affect results by a factor of 10 (Røyne 2016).  

Scenario uncertainty is handled in the new PEF guide by the list of technical requirements which need to be 
fulfilled for an EF compliant dataset. The technical requirements of “Other methodological choices” include 
aspects within scenario uncertainty. Uncertainty is thus reduced by a set of requirements. However, two 
choices are treated in “Data quality criteria and scores” instead; the number of environmental impact 
categories included, and the EoL formula.  Another issue which can be defined as scenario uncertainty is 
definition of functional unit. In the new guide it is stated that the same functional unit should be used 
within the same product category 

There are thus some scenario uncertainty sources that are avoided by the technical requirements of “Other 
methodological choices” and a requirement of consistency in the product category and on top of that some 
are measured by the DQR. By treating scenario uncertainty in different ways it is hard to get an overview of 
the uncertainty. One way could be to try to expand the metrics in the DQR framework to include more 
aspects of scenario uncertainty within the DQR (the aspects within “Other methodological choices”). 
Nevertheless, to include value choices in a ranking system is hard. The reason why scenario uncertainty 
exists in the first place is that different choices can be more or less appropriate in different situation. 
Therefore, our suggestion is to declare the value choices in qualitative clear way, all at the same place in 
the report, in order to give the reader an overview of the scenario uncertainty. For the practitioner it could 
be in the form of a writing the value choices in a ready-made document. 

DQR 
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4.5 Model uncertainty 

The DQR framework does not treat model uncertainty. This is not surprisingly, as it would be difficult to 
measure the inability of impact assessment methods to represent the real world. However, this can also 
cause high uncertainty in results. For example, the global warming potential is a simplified index (Forster et 
al. 2007). It measures how much heat a greenhouse gas traps in the atmosphere over a specific time 
interval and does not, e.g., capture the dynamic nature of carbon flows in the forest and the life cycle of 
forest products (Brandão et al. 2013). Climate aspects not usually included in the LCA of forest products 
(such as the effect of albedo and changes in soil organic carbon) could influence results greatly, and even 
affect the outcome of comparisons between forest and non-forest products (Röyne et al. 2016).  

It is an advantage that the new guide includes a category called “Additional environmental information” 
where impacts for which there are currently a lack of methods for describing certain cause-effect chain 
should be reported. For biodiversity, the PEFCR requires a reporting of percentage of material from 
certified systems and percentage of material without traceability of origin. Even though this is a very rough 
estimate, it is at least a way of acknowledging the importance. Today there are no available advanced and 
easy applicable methods for assessing biodiversity impact (Teixeira et al, 2015), but if such methods are 
developed in the future, the PEFCR requirements should be updated. 

4.6 Recommendations 

 We recommend filling in the matrix presented in Annex 4.1. It is a structured way of handling 
parameter uncertainty which gives valuable information strengthens transparency and makes it 
possible for the audience to locate the specific sources of uncertainty.  
However, we are sceptical to the use of the rating and the index aggregating the DQRs the same 
weight to each of the 6 DQRs, as this gives the impression of scientific judgement. Concluded by the 
Copenhagen workshop. 

 We recommend that a solution to decrease data uncertainty is to put much effort in the 
development of a PEF database. The PEF practitioner together with the company inventories 
primary data. Database suppliers, however, inventory secondary data. The data in the databases is 
used by many practitioners and is therefore spread widely. Therefore, it is important that 
secondary data has low uncertainty. Concluded by the Copenhagen workshop. 

 We recommend to address the metric Completeness in the DQR in two steps; 1. mass balance and 
2. substance check in order to identify data gaps. Concluded by the Copenhagen workshop. 

 We recommend validation of the result of the DQR method. A suggestion is to send the very same 
data to ten experts who individually will judge the data in order to. If this is used in a iterative 
procedure it will result in an improved DQR. Concluded by the Copenhagen workshop. 

 We suggest to declare the value choices in qualitative clear way, all at the same place in the report, 
in order to give the reader an overview of the scenario uncertainty. For the practitioner it could be 
in the form of a writing the value choices in a ready-made document. Concluded by the authors. 

 We suggest in order to make PEF a valuable tool for SME:s to 1. put much effort in the 
development of the database for secondary data, as suggested above. 2. to link the SME tool to a 
quality check of primary data and 3. To validate the quality of data external. Concluded by the 
Copenhagen workshop. 
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Annex 4.1: Quality level and rating for the data quality criteria (European Commission, 2016). 

Quality level 
Quality 
rating 

C TiR P TeR GR EoL 

Very good10 1 

All 15  PEF Impact Categories Data11 are not older 
than 4 years with 
respect to the release 
date or latest review 
date 

≤ 10% The technologies covered 
in the dataset are exactly 
the one(s)modelled 

The processes included in the 
dataset are fully representative 
for the geography stated in the 
title and metadata 

The EoL formula [2] is 
implemented in the entire 
dataset (foreground and all 
background processes) 

Good 2 

14 PEF Impact Categories 
(and all 10 categories 
classified I or II in ILCD are 
included12) 

Data are not older than 
6 years with respect to 
the release date or 
latest review date 

10% to 20% The technologies 
modelled are included in 
the mix of technologies 
covered by the dataset 

The processes included in the 
dataset are well representative 
for the geography stated in the 
title and metadata 

The EoL formula [2] is 
implemented in foreground 
level-1 + level-2 disaggregated 
processes (see Figures E.2 and 
E.3) 

Fair 3 

12-13 PEF Impact Categories 
(and all 10 categories 
classified I or II in ILCD are 
included) 

Data are not older than 
8 years with respect to 
the release date or 
latest review date 

20% to 30% The technologies 
modelled are 
representative of the 
average technology used 
for similar processes 

The processes included in the 
dataset are sufficiently 
representative for the geography 
stated in the title and metadata 

The EoL formula [2] is 
implemented in foreground at 
level-1disaggregated processes 
(see Figure E.2) 

Poor 4 

10-11 PEF Impact Categories 
(and all those covered are 
classified I or II in ILCD) 

Data are not older than 
10 years with respect 
to the release date or 
latest review date 

30% to 50% Technology aspects are 
different from what 
described in the title and 
metadata 

The processes included in the 
dataset are only partly 
representative for the geography 
stated in the title and metadata 

The EoL formula [2] is not 
implemented, but all 
information and data needed to 
calculate all parameters in the 
EoL formula are available and 
transparently documented 

Very poor 5 

Less than 10 PEF Impact 
Categories (and all those 
covered are classified I or II in 
ILCD) 

Data are older than 10 
years with respect to 
the release date or 
latest review date 

> 50% Technology aspects are 
completely different 
from what described in 
the title and metadata 

The processes included in the 
dataset are not representative for 
the geography stated in the title 
and metadata 

The EoL formula [2] is not 
implemented  

  

                                                           
10In some cases referred to as “excellent” 
11The reference time is the one when data have been originally collected and not the publication/calculation date. In case there are multiple data, the oldest is the one against which 
the calculation should be made. 
12The 10 impact categories classified in ILCD Handbook as category I or II are : Climate change, Ozone depletion, particulate matter, ionizing radiation human health, photochemical 
ozone formation, acidification, eutrophication terrestrial, eutrophication freshwater, eutrophication marine water, resource depletion mineral fossil and renewable. 
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Chapter 5 - Valuation procedures for Product Environmental 
Footprint (PEF) 
Bo P. Weidema, Aalborg University, 2016-05-11 

5.1 Background 

This chapter has been prepared for the Nordic PEF project as an input to the discussion on 
recommendations for the development of the European PEF scheme. The chapter includes the responses 
from a group discussion in Copenhagen 2016-04-26. 

Valuation covers the terms normalization and weighting, as used in the LCA community 

5.1.1 The purpose of valuation 

Valuation serves the purpose of facilitating comparisons across different environmental midpoint impact 
categories, by applying weights (values) that reflect their relative importance (ISO 14040). Without 
valuation it becomes impossible to recommend the best decision when the options score best on different 
impact categories.  

It is important to note that the values discussed here are the marginal values applied in trade-offs between 
alternative resource allocations, not moral values like the value of democracy or the value of human life as 
such, that cannot be subject to quantified measurement and trade-offs. Much critique of marginal 
valuation comes from a confusion of these two types of values. 

5.1.2 Representativeness of valuation methods 

When choosing a valuation method, there are a number of concerns that need to be considered with 
respect to the representativeness of the valuation, i.e., are those whose values are being sought and 
applied representing the population that is affected by the valuation or its later application?  

5.1.2.1 Valuation is anthropocentric  

Valuation is in its essence anthropocentric, since its purpose is to support human decision-making. Any 
concern for other species (or for that matter for any other group than the one that has the power to take 
the decision) must necessarily come as a concession from those who perform the valuation. However, the 
fact that it appears very difficult – or rather impossible – to design a truly non-anthropocentric valuation 
scheme does not make it unimportant to raise the issue and seriously contemplate its relevance when 
deciding on the design of a valuation method. It should also be noted that an anthropocentric valuation 
does not necessarily imply a low valuation of nature; nature does have high value for humans, both use 
value (today often referred to as ecosystem services) and non-use values (existence value and bequest 
value). 

5.1.2.2 Concern for equality 

Especially in the context of sustainability, which has an inherent concern for equality between and within 
generations (World Commission on Environment and Development 1987), it is important to ensure that 
the valuation methodology gives equal weight to the values of each individual. For this purpose, utility-
weighting can be applied, which weights values in relation to the utility that each individual obtains from 
an additional unit of the good. A generalised utility-weighting across all impact categories can be 
performed by weighting the environmental impacts by the marginal utility of income for each affected 
population group: 

 

where  is the elasticity of marginal utility of income. The value of  can be empirically determined, 
typically between 1.1 and 1.4 (see e.g. Layard et al. 2008), which implies a larger weight to poor population 
groups than to richer, or normatively set to 1, in which case the same impact will be weighted equally 
across all levels of income. 
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5.1.2.3 Concern for special groups 

Even when taking into account differences in utility, there may still be an additional concern for specially 
disadvantaged groups, e.g. indigenous people. As already mentioned in the section 1.2.1, such concerns 
must necessarily come as a concession from those who perform the valuation. If specific groups are 
affected more than other groups, it is important that they are represented in the population that performs 
the valuation, and additionally it may be required that such specifically affected groups give their informed 
consent to the valuation procedure or its specific results. This issue is largely parallel to the issue of 
minority protection in democracy. 

5.1.2.4 Concern for group values  

The individualistic nature of values and valuation has been criticised for not adequately taking into account 
that some values only occur as “group values” and that individual values may be affected by the 
discussions and opinions given in a group context. For many complex environmental goods, respondents 
may not have well-defined preferences prior to the process of value solicitation, but their latent 
preferences are developed during the solicitation process itself. This criticism has often been voiced in 
connection to the general critique of the assumptions made in neo-classical economics. While classical 
valuation techniques can take into account the (group) context of the solicited individual values, the values 
of the group as a whole are seen as the sum of the individual values.  

This limitation in classical valuation procedures has led to the development of additional procedures in 
valuation under the name of “deliberative valuation” (Kenter 2015). In deliberative valuation, the 
solicitation of values take place in a process of reasoned social discourse and learning, which increases the 
participants’ awareness of the issue and of the perceptions of other participants. Participants can discuss 
considerations such as equity, fairness, rights and responsibilities, alongside discussions of costs, benefits 
and trade-offs, uncertainties and risks, in order to come to a more meaningful constitution of their 
contextual values (Kenter 2015), thus taking more explicitly into account that preferences are socially 
constructed. 

Deliberative valuation can be used both before a survey, to test the survey design (e.g. wording and 
comprehension of questions, validate the information content, help identify design biases) and after a 
survey, to validate the survey result. When combined with recording of the evolution of participants’ 
values, attitudes, beliefs and norms during the course of the deliberation, the procedure offers the 
potential for increasing both the interpretative and the explanatory depth of the results (understanding 
the meaning of the responses and the reasons behind the responses, and how the complexities, 
uncertainties and risks influence the values solicited). 

Deliberative valuation may also be used as a technique to overcome the incommensurability problem, i.e. 
that some individuals reject a valuation completely because they do not accept that the items to be valued 
are comparable. A claim for incommensurability is valid when the items to be valued belong to different 
logical levels (e.g. “What is largest: Mont Blanc or the roar of a lion?”), but is not a viable position when 
comparing items for which trade-offs between alternative resource allocations are in reality being made, in 
which case the problem of choice is unavoidable (Beckerman & Pasek 1997). By providing the context of 
the valuation, and an environment in which the concerns about incommensurability is taken serious, 
deliberative valuation can be expected to reduce outright rejections of the valuation questions and thus 
lead to more representative and less uncertain valuation results. 

However, deliberative valuation is limited by the resources and time required to resolve complex issues, 
especially where competing value systems or beliefs are present. The representativeness of the results 
may be challenged by the typically small numbers of people who can be involved and the difficulty of 
adequately eliminating influence from power-relationships. 

5.1.2.5 Concern for rationality 

It is a widespread critique of valuation methods that they assume that participants exhibit rational, utility-
maximising behaviour when making valuations, while empirical evidence show that people do not exhibit 
this rational behaviour, neither in normal market transactions nor in experimental settings, but are 
influenced by the framing of the decision situation.  
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A large body of literature on behavioural economics suggests improvements to the survey techniques to 
control and adjust for the systematic biases caused by the contextual and informational setting of the 
valuation. 

One important example is that of the endowment effect, which causes a larger weight to changes that are 
framed as losses than to changes framed as gains, which must therefore be taken into account when 
interpretation values solicited under these two frames. Another example is the issue of scaling, which may 
cause large singular instances of impacts (catastrophes) to be systematically over-weighted relative to the 
same impact over a larger space or time, while empirical studies systematically controlling for this bias 
show that neither experts nor lay people are particularly catastrophe averse. By making such biases 
explicit, it is possible to adjust for them. 

5.1.3 Damage or distance to target: Two approaches to valuation 

There are two fundamentally different approaches to valuation: Damage valuation and distance-to-target 
(DTT) valuation. Both valuations are concerned with marginal damage, i.e. the value of an additional unit of 
damage (from e.g. an additional emission of nitrogen oxides to air), to be applied in trade-offs between 
alternative resource allocations, as opposed to the absolute value of the total impacts (e.g., the absolute or 
average “price of clean air”). 

The damage valuation directly values marginal change by looking at how much response (damage) results 
from an increase in an elementary exchange (dose); see Figure 5.1. The shape of dose-response curves is 
typically sigmoid, i.e. the damage from an additional dose is low when the background concentration is low 
(A), but increases as the environment becomes more stressed (B), and then becomes less as the 
environment becomes so damaged that only little more damage is possible (C). The marginal damage is 
given by the first derivative of the dose-response curve; see Figure 5.2 

  

Figure 5.1 Dose-response curve Figure 5.2 Marginal damage curve 

As the name indicates, DTT valuation relies on a target, which can be politically determined or revealed 
from political decisions. Increasingly, there is an interest in determining “science-based” targets, based on 
the concept of dose-response curve thresholds, beyond which an additional impact will have much more 
severe impacts than below the threshold (e.g., popularised as “planetary boundaries”).  

Figure 5.3 shows the marginal DTT valuation corresponding to the marginal damage function of Figure 5.2, 
for the same three levels of background pressure. The difference between the two approaches to valuation 
is large, which is stressed in Figure 5.4, where the two value functions from Figures 5.2 and 5.3 are 
normalised per unit of additional damage. Figure 5.4 shows that the damage valuation is independent of 
level of total damage, so that e.g. a human life-year is valued the same at any level of total damage. The 
DTT valuation gives lower weight to a damage when it occurs below the top of the marginal damage curve 
(point B in Figure 5.2 and 5.3) and increasingly higher weight to same damages when they occur above this 
point. 
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Figure 5.3 Marginal value of Distance-To-Target.  Figure 5.4 Damage and DTT values normalised 
per unit of damage 

5.1.3.1 Efficiency as criterion 

Efficiency is generally regarded as relevant decision criteria, i.e. an option is preferred if it gives the highest 
desirable output (e.g., wellbeing) for the same input. 

The discussion on the damage and DTT valuations reveals that these are based on different concepts of 
what is a desirable output. From the perspective of DTT valuation, the damage valuation is not efficient 
because it does not reduce the distance to the targets the most. From the perspective of the damage 
valuation, the DTT valuation is not efficient, because it does not choose the options that reduce the 
damage the most.  

However, given that a target is a means to an end (set with the purpose of reducing damage), it does not 
appear logically consistent to focus on the target rather than to focus on the end (the reduction of 
damage). So from the perspective of the end (the reduction of damage), the damage valuation appears the 
logical choice. 

Furthermore, Figure 5.4 illustrates that the DTT valuation does not value the same damage equally across 
time and across affected population groups, which is in conflict with the requirements of the sustainability 
concept. 

So why has targets been the focus of attention? This is discussed in the next section. 

5.1.3.2 The role of targets in policy and valuation 

In policy-making and in management, targets play important roles, both for expressing and communicating 
intent and for monitoring progress. Targets are quantified objectives specified to be achieved at a 
particular point in time. In this way, they are used to transform a general objective into specific actions 
that needs to be taken to achieve the objective.  

One general objective, like reducing damage, can be transformed into several policy or management 
targets, each expressing a necessary precondition for achieving the general objective. The existence of 
multiple targets for one objective can give rise to conflicts between targets, which can only be solved 
rationally by referring to the overall objective. 

So, while targets play an important and often necessary role in policy making and management, targets 
should not be misunderstood as ends in themselves. Targets are not valuable in themselves, but obtain 
value from their role in achieving the overall objective. Therefore, targets should also not be used to 
express values, but should be valued in terms of the overall objective, e.g. to reduce damage 

5.1.4 Damage assessment at different points in the impact pathway 

The impact pathway from an environmental exchange to its final damage endpoint may be truncated at 
several points. For example, the damage from an emission of CO2 may be assessed  

 at the level of final damage, i.e. lost species, lost human life-years, and lost capital assets, or  

 at a step before, e.g. area and severity of affected nature, incidences of different diseases, or even  
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 at very early purely physical stages of the impact pathway such as increase in temperature or in 
radiative forcing.  

The earlier in the impact pathway, an assessment is made; the more of the impact pathway is left to the 
participants to fill in, and the more abstract the assessment will be from its endpoint impacts.  

An argument that has been put forward for performing the assessment at an early stage of the impact 
pathway is that the uncertainty of the impact is lower at these early stages (Hauschild & Potting 2005). 
However, this also implies that it is left to the participants to include the remaining uncertainty in their 
assessment (Weidema 2009). 

An argument for performing valuation at the final damage endpoints is that this reduces the number of 
valuations that needs to be made, and thereby reduces the risk of inconsistencies between the larger 
number of different valuations that would otherwise be required to be performed at different (earlier) 
stages in the impact pathways. For example, an assessment of respiratory impacts of particulate emissions 
and another assessment of ozone formation may use different values for the same diseases – an 
inconsistency that would be avoided if performing the valuation at the level of diseases or human life-
years. 

5.1.5 Normalisation in assessment and communication 

For DTT valuation, as shown in section 1.3, the value of a damage changes depending on its distance to the 
target, and thus depends on the size of the current absolute level of impact. Therefore, before DTT 
valuation is performed, the impact to be valued is typically placed in relation to a specific reference impact 
level, often the current absolute level of impact per person-year. This procedure is known as 
“normalisation”. 

In contrast, as shown in section 1.3, marginal damage valuation depends only on the size of the marginal 
damage at the specific level of impact (the slope of the dose-response curve) and is independent of the 
absolute level of impact. Therefore, the valuation can be performed independent of knowledge on the 
absolute size of the current or future impact. Prior normalisation is not required and may even give rise to 
confusion and bias. 

While normalisation does not play any constructive role in marginal damage valuation, is relevant in 
communication contexts where the size of absolute damage is of interest. As mentioned in the following 
section, it can also play a role in allowing the communication of weighted LCA results. 

5.1.6 ISO 14044 on normalisation and weighting 

ISO 14044 states that weighting “shall not be used in LCA studies intended to be used in comparative 
assertions intended to be disclosed to the public” with the argument that weighting involves value choices 
and therefore cannot be science-based. This somewhat narrow view on behavioural economics as “not a 
science” is not very helpful for practical applications where the options score best on different impact 
categories.  

It is possible to circumvent the ban on weighting in ISO 14044 by instead using normalisation (which is not 
excluded by ISO 14044) to a potential target reference situation in which the normalisation factors are 
identical to the desired weighting factors 

5.1.7 Uncertainty in normalisation and weighting 

Uncertainty in valuation, i.e. beyond the uncertainty of the physical impact pathway modelling, is 
introduced partly by the fundamental variation between individual values and partly by the biases of the 
informational and contextual setting of the valuation. The former can be minimized by sampling and 
adjustment techniques that ensure representativeness, while the latter can be minimised by controlling for 
bias in the valuation setting, as described in the previous sections. 

Uncertainty is a well-known condition of decision-making. Information on the uncertainty of valuations 
should not be supressed but rather be required to be included in the valuation results and in any derived 
communications. 
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5.2 Valuation in the PEF pilots 

5.2.1 Proposed ensemble valuation 

In a project for the EC-JRC, Huppes et al. (2012) analysed three quite disparate groups of preference-based 
valuation methods, and found that they gave quite converging results at the national level. This supports 
their suggestion of applying an ensemble “meta-model”, aligned to the ILCD Handbook requirements for 
impact assessment, and where each individual method contributes to establish the uncertainty of the 
overall result. 

5.2.2 1:1 weighting as default 

This recommendation has not been followed in the PEF guidelines, which instead have suggested that the 
pilot screenings should use a 1:1 weighting of the normalised results from the 14 midpoint indicators. An 
official data set for PEF normalisation has been supplied by Benini et al. (2014). This procedure gives equal 
weight to all impact categories, and effectively means that no single impact category – also not global 
warming - can contribute with more than 1/14. 

Such a 1:1 weighting gives arbitrary importance to the way the indicators are chosen. For example, the 
division of toxicity into human and eco-toxicity, and a further division of human toxicity into cancer and 
non-cancer, means that toxicity together make up 3/14, where one could as well have divided global 
warming into impacts on nature and impacts on humans (a.s.o.), which would have given more weight to 
global warming. 

In the PEF pilot screenings, the 1:1 weighting leads to the identification of very strange impact categories 
and process hotspots. For example, in one pilot study where a marginal damage assessment would be 
dominated by global warming and particulate matter, the pilot screening finds global warming to 
contribute only 1.3-1.7% to the weighted results, and particulate matter only 2.8-4.1%, identifying instead 
resource depletion, human toxicity and fresh water ecotoxicity as the “most significant impact categories”.  

5.2.3 The selection of impact categories for communication 

Each PEF pilot has been asked to select impact categories for communication, partly based on the 1:1 
weighting results, but also by including other concerns. 

Practically all preference-based valuation methods analysed by Huppes et al. (2012) show a high weight for 
global warming relative to other impact categories. So it is not surprising that the pilot screenings often 
result in a recommendation of including climate change as one of the impact categories to communicate 
on, in spite of the low importance that the 1:1 weighting assigns to it. 

5.2.4 The late testing of different valuation methods 

At the PEF Weighting Workshop on November 16th 2015, it was decided to ask the pilot studies to test a 
number of different valuation methods that were provided in a spreadsheet by JRC, sent to the pilots on 
the 15th of December 2015. The valuation methods included were 7 single-score methods and 2 methods 
where the aggregation was done only to the level of each separate endpoint (e.g., human health, 
ecosystems). Of the 7 single-score methods, 5 were DTT valuation methods and only 2 were damage 
valuation methods. Damage valuation methods that express the damage in monetary units were excluded 
from the testing. 

The results from this testing has not yet been received. 

5.2.5 The exclusion of monetarisation 

The exclusion from the PEF pilot testing of methods using monetary units for damage was not justified.  

Most arguments that are generally being used as criticism of monetary valuation techniques apply equally 
to non-monetary valuation techniques. In principle, a valuation can be expressed in any unit, e.g. 
ecopoints, happiness points, QALYs, or a currency unit, and it should be possible to translate between 
these by applying the relevant conversion factor, e.g., 1 Euro/ecopoint. However, it has been shown that 
when a monetary instrument is included in the survey, respondents become more self-serving and less 
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altruistic than when the monetary instrument is not present. This also applies to valuations that in the end 
is not expressed in monetary units, and is a bias that can be corrected for. 

The only argument against the use of monetary valuation that is not equally applicable to non-monetary 
valuation techniques is the argument that expressing items in monetary units implies a commodification, 
which is morally questionable, a position that is supported by the above finding that commodification make 
respondents more self-serving and less altruistic. However, as pointed out above, there is no need for using 
monetary units during the value solicitation and there is no need to express the final single-score in 
monetary units. Monetary units are simply used for convenience by many decision-makers. 

5.3 Recommendations 

The following are some preliminary recommendations based on the above introduction and review. 

5.3.1 Use damage assessment with minimum uncertainty 

Damage assessment is the most logical choice for valuation for PEF, due to its focus on the direct trade-off 
objective (reduction of damage). 

When performing new valuation studies, uncertainty within these can be minimised by appropriate 
sampling and adjustment techniques that ensure representativeness and by controlling for bias in the 
valuation setting, possibly supplemented by deliberative valuation for trade-offs that are particularly 
sensitive or contentious. 

When choosing between different methods for damage valuation, the guiding rule should be to minimise 
the uncertainty. This is best done by using observed market data whenever possible, and results from 
choice modelling (which does not need to include a monetary instrument) when there is a need to include 
stated preferences (Pizzol et al. 2015). 

By the use of ensemble modelling it is possible to take advantage of the aggregated results from all 
valuation studies that fulfil the quality criteria outlined above. 

5.3.2 Use utility-weighting 

Utility-weights should be applied to ensure that equal weight is given to the values of each individual. 

5.3.3 Use normalisation and uncertainty in communication 

Normalisation of damages should be avoided prior to valuation, but should be used in communication 
contexts where the size of absolute damage is of interest and when there is a need to communicate that 
PEF results are in accordance with the requirements of ISO 14044. 

5.3.4 Avoid targets in valuation 

The use of targets in valuation should be avoided due to the inconsistency that they introduce in the 
valuation of similar damages across impact categories. LCA can be used for policy making and 
management, which includes target setting and monitoring, but this does not mean that the LCA itself 
should be produced with valuation based on targets.  

5.3.5 Use monetary units when it is desired 

When communicating values, including PEF results, the most appropriate unit should be chosen, 
depending on the audience. The use of monetary units for communicating values should be limited to 
those situations where it is desired by the audience. PEF single-score results may be expressed in e.g. eco-
points or QALYs. The choice of unit(s) and communication strategy may need to be determined through a 
dedicated market survey. 

5.4 Responses from the group work to questions raised in plenum 

Three questions were raised in the plenum discussion and discussed in a break-out group. The following is 
the group’s responses. 
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5.4.1 What to do if you do not have a target for each impact category? 

If you want to use target weighting, then targets have to be derived for each impact category. However, 
there is no agreement in the group that targets are useful for weighting. While targets play an important 
and often necessary role in policy making and management, targets should not be misunderstood as ends 
in themselves. The two main problems perceived with the use of targets for valuation across impact 
categories are that they do not value the same damage equally across time and across affected population 
groups, and that they are not efficient because they do not focus on the options that reduce the damage 
the most.  

5.4.2 What to do if you want to have a value at mid-point level? 

Even when doing valuation at endpoints, a value can still be calculated for the midpoints, simply by looking 
at the contribution of a unit of mid-point impact to the impact at endpoint. By doing valuation at 
endpoints, the uncertainty on the valuation is reduced, but the overall uncertainty (which is due to lack of 
knowledge) may be large. This uncertainty of endpoint damage from each midpoint should not be ignored 
by doing valuation at midpoint level. 

5.4.3 Does the use of values influence how they should be derived? 

No. There is no reason that the application of a value should influence the way it is derived. 
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6 Summary 
The following summary covers the discussions on the five issues in plenary and discussion group sessions 
during the seminar (see annex 1). The text is drawn from the revised chapters from the listed authors as 
well as notes taken by the editor during the seminar. 

6.1 The right functional unit for food products 

Mass and volume are still the predominant basis for FUs in food LCAs today. It is difficult to say if the 
reason is a lack of good alternatives or that the experts feels this is a good unit. It is however sure that it is a 
unit well understood by consumers and closely linked to the unit of sales in retail. Thus, the discussion 
group supported the continued use of mass and volume based FUs, but to use other FUs in addition. It was 
noted in plenary that there is a strong pressure from the food sector organizations to use mass and volume. 

Single component based FU may come closer to one of the purposes of food, namely to deliver nutrients to 
the body. And they are not as complicated and reminding of nutritional recommendations as Nutrient 
Indices. They can also be used to correct quality differences, e.g. water content in products. The discussion 
group recommends the following FUs: 

- Amount of product containing 1 kg of protein.  
- Amount of product containing 1000 kcal 
- Amount of product containing 1 kg dry matter 

The discussion group recognized that protein cannot be included for all product groups, e.g. for vegetables. 
In such cases other nutrients must be considered. 

The method given by Weidema et al (2004), including the use of price elasticity, can be a good tool for 
grouping products that should be comparable and finding properties shared by the products in the group. 
Most experts at the seminar supported using a functional unit that reflects what the consumer see as 
comparable products. 

It was pointed out that the economy-based FU is an indirect way of including the rebound effect in a 

comparison, and that this FU could be viewed as the closest one can come to a FU that promotes 

environmental efficiency across a wide range of products. 

Nutrient density based FUs are not recommended. The discussion group stated, that certain nutrients are 
recommended for additional intake, others to be limited and others even not to be included. It can be 
interpreted as confusing nutritional advice compared to guidelines issued by e.g. governments. It should 
not be left to LCA experts to develop or use such nutritional indexes before an index is generally accepted 
by consumers, governments and industry. 

The discussion group discussed how quality could be included into the FU. Specifying the quality of the 
product in the FU can be difficult given the varying taste preferences and other cultural traits in the EU and 
the difficulty of determining objective and quantitative quality traits for food products. The discussion 
group focused on nutritional quality, and the conclusion was that nutritional quality should not be included 
in the FU for an environmental LCA or the PEFCR, unless both LCA and nutritional experts are involved.  

Quality is anyway, indirectly taken into account. For example, the FU can be 1 kg of product consumed. If 
the product is of high perceived quality, e.g taste very good, it is more likely to be consumed. If the product 
longevity is good, e.g. it is processed and packed in a way to give a long shelf life, this will be reflected in 
low wastage. Thus the group recommends that primary data on wastage at critical points during the 
products life cycle should be collected and used. In order to ease the process, however, there should be 
default wastage values that can be used if data is lacking or is too time-consuming to gather specific data. 

6.2 Granularity of scope 

Using the term “granularity” might confuse the users of the PEFCR guide, the PEFCRs and the resulting 
PEFs, as it is used both for “scope definition” and for “impact assessment”. Such confusion should be 
avoided. 
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The principles of ISO 14025 for Type III environmental declarations are basically integrated into the 
COMMUNICATION and PEFCR guide, but some deviations can be questioned especially on modularity, 
involvement of interested parties, and comparability. These are basically founded in the “scope definition” 
of the PEFCRs, where the final decision on representativeness is based more on technical and political 
arguments, than on a transparent and consistent procedure. 

The PEFCR pilots are not using the recommended level of product group classification based on CPA. Some 
pilots are using multiple product group classifications and others not even a full. Comparisons as well as 
modularity is therefore impossible across the existing pilots. 

The PEF guide is not using the consistent method from the Danish LCA project. The use of CPA, 
complemented by NACE codes is, as Bedo remarks, “not enough to avoid too wide or to narrow scopes” – it 
is difficult to define a common level of granularity. Similar observations are made by the EPD programmes 
in Norway and Sweden, where granularity of scope is defined per product group in dialogue between the 
PCR groups, the EPD secretariats and boards. 

The discussion group of the seminar recommends to rewrite the PEFCR guide based on Weidema et al. 
(2004) for a consistent approach to the scope definition i.e. the definition of the product category. This will 
fulfil the requirements of the ISO standards including the principles and requirements of ISO 14025 and 
requirements of ISO 14044. The functional unit shall be based on substitutable products on the market – a 
real world consumption perspective. Product classification can be used to describe the product category, 
but not to define it. This is also concluded by the EPD programmes quoted. They also recommend an 
iterative approach to the scope definition of a product category e.g. using the 3-5 year normal revision 
period. 

Finally, the discussion group recommends to apply a multistakeholder engagement and involvement 
process at all levels by combining work of the technical secretariats with open consultations and 
discussions and decisions in TAB and SC. 

6.3 End-of-Life formula 

The EoL group of the workshop discussed widely whether to use an attributional vs. consequential 
approach in the EoL formula. The Commission has chosen the principle that EF is based on the attributional 
method even if the EoL formula has elements from the consequential method. However, there are 
possibilities to extend the attributional approach in the EoL phase, for example by using cut-off rules 
between product systems, when no burdens and no credits are obtained for the initial product system. In 
this approach, the challenge is where to make the cut in the recycling process and where in the energy 
recovery process. Another possibility is to use an allocation method, which divides burdens from virgin 
materials (Ev) between products and energy recovery. This requires slight modifications for the current EoL 
formula of material recycling but more modifications for energy recovery (no benefits, reduced burden due 
to one more function in material life cycle). 

Additionally, the group considered the situation where the formula will remain as it is with some parts of 
consequential system expansion, but then improvements suggested by JRC (see section EF Pilots) should be 
carried out. For instance, quality factors should be considered both for input and output side and the 
benefits from energy recovery should be divided by 2. One very good option is to have different 
approaches for different materials reflecting the current market situation (50/50, 0/100, 100/0). 

The group also discussed impacts of recycling rounds for the quality of fibres in paper industry. Accounting 
methods have been developed to solve this problem for many years. Newest attempt has been done in 
Reffibre EU project. The new formula for paper recycling differs from 50:50 approach, because default 
values of recycling on the European level have been taken into account. 

PEF is going to be used in product comparisons, therefore the consistencies within parameters should be 
ensured. According to the pilot summary of implementation of the EoL formula better guidance is required, 
which will happen in the future, but will it be based on cut-off rules, allocation or a system expansion 
method?  
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How could re-use be better represented in the formula? Do we need an individual formula for reuse? The 
formula is not applicable to all types of reuse scenarios and it should be clearly explained what type it is 
suitable for.  

Energy recovery processes should be revised taking into account all possible alternatives, for example: Is it 
necessary to highlight municipal waste incineration and energy recovery in landfills more? According to the 
PEF method, the disposal stage can include e.g. landfilling, incineration, pyrolysis. The benefits can be 
achieved by recovering methane from landfills or producing energy in municipal waste incineration.  
 
How can the quality of the data required for EoL formula be improved? At the moment the quality of the 
data is not sufficient. In many PEF pilots, data are considered to be poor.  

The EoL formula will be further discussed at PEF workshops in June and September 2016. 

6.4 Uncertainty 

The discussion group recommends to use the matrix presented in Annex 4.1. It is a structured way of 
handling parameter uncertainty, which gives valuable information, strengthens transparency, and makes it 
possible for the audience to locate the specific sources of uncertainty. However, the rating and the index 
aggregating the DQRs the same weight to each of the 6 DQRs should be used with caution, as this gives the 
impression of scientific judgement.  

The discussion group recommends to decrease data uncertainty as far as possible in the development of a 
PEF database. The PEF practitioner together with the company inventories primary data. Database 
suppliers inventory secondary data. Data quality is not per definition higher for primary data, but as data in 
the databases are used by many practitioners and therefore spread widely, it is important that secondary 
data have low uncertainty.  

The discussion group recommends to address the metric “completeness” in the DQR in two steps; 1. Mass 
balances and 2. Substance check in order to identify data gaps.  

The discussion group recommends validating the result of the DQR method. One approach is to send the 
very same data to ten experts who individually shall judge the data, and if used in an iterative procedure it 
can result in an improved DQR method.  

The authors of the chapter suggest declaring the value choices in qualitative clear way, all at the same place 
in the report, in order to give the reader an overview of the scenario uncertainty. For the practitioner it 
could be in the form of a writing the value choices in a ready-made document.  

They also suggest in order to make PEF a valuable tool for SME’s to  

1. Put much effort in the development of the database for secondary data, as suggested above, 
2. To link the SME tool to a quality check of primary data, and 
3. To validate the quality of data externally. 

6.5 Valuation (normalisation and weighting) 

The following are some preliminary recommendations based on the chapter above and the internal review. 

Damage assessment is the most logical choice for valuation for PEF, due to its focus on the direct trade-off 
objective (reduction of damage). When performing new valuation studies, uncertainty within these can be 
minimised by appropriate sampling and adjustment techniques that ensure representativeness and by 
controlling for bias in the valuation setting, possibly supplemented by deliberative valuation for trade-offs 
that are particularly sensitive or contentious. When choosing between different methods for damage 
valuation, the guiding rule should be to minimise the uncertainty. This is best done by using observed 
market data whenever possible, and results from choice modelling (which does not need to include a 
monetary instrument) when there is a need to include stated preferences (Pizzol et al. 2015). 

By the use of ensemble modelling it is possible to take advantage of the aggregated results from all 
valuation studies that fulfil the quality criteria outlined above. 

Utility-weights should be applied to ensure that equal weight is given to the values of each individual. 
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Normalisation of damages should be avoided prior to valuation, but should be used in communication 
contexts where the size of absolute damage is of interest and when there is a need to communicate that 
PEF results are in accordance with the requirements of ISO 14044. 

The use of targets in valuation should be avoided due to the inconsistency that they introduce in the 
valuation of similar damages across impact categories. However, in policy-making and in management, 
targets should continue to play their important roles in reducing damages, by expressing and 
communicating intent and for monitoring progress.  

When communicating values, including PEF results, the most appropriate unit should be chosen, 
depending on the audience. The use of monetary units for communicating values should be limited to 
those situations where it is desired by the audience. PEF single-score results may be expressed in e.g. eco-
points or QALYs. The choice of unit(s) and communication strategy may need to be determined through a 
dedicated market survey. 

Three questions were raised in the plenum discussion and discussed in the discussion group. The following 
is the group’s responses. 

What to do if you do not have a target for each impact category? 

If you want to use target weighting, then targets have to be derived for each impact category. However, 
there is no agreement in the group that targets are useful for weighting. While targets play an important 
and often necessary role in policy making and management, targets should not be misunderstood as ends 
in themselves. The two main problems perceived with the use of targets for valuation across impact 
categories are that they do not value the same damage equally across time and across affected population 
groups, and that they are not efficient because they do not focus on the options that reduce the damage 
the most.  

What to do if you want to have a value at mid-point level? 

Even when doing valuation at endpoints, a value can still be calculated for the midpoints, simply by looking 
at the contribution of a unit of mid-point impact to the impact at endpoint. By doing valuation at 
endpoints, the uncertainty on the valuation is reduced, but the overall uncertainty (which is due to lack of 
knowledge) may be large. This uncertainty of endpoint damage from each midpoint should not be ignored 
by doing valuation at midpoint level. 

Does the use of values influence how they should be derived? 

No. There is no reason that the application of a value should influence the way it is derived. 

6.6 Overall project conclusions 

Around 25 years ago, the Nordic Council of Ministers sponsored a cooperation between LCA experts from 
Sweden, Norway, Denmark, and Finland to produce Nordic Guidelines for LCA including a series of technical 
reports13. The projects also supported a close cooperation in the ISO work on the ISO 14040 series of LCA 
standards. However, the Nordic “cooperation” could not be kept after the funding ended. In Sweden and 
Denmark national LCA centres were established and in Denmark a methodology and consensus project 
resulting in EDIP 2003 LCA methodology14 were conducted as similar other national initiatives. 

                                                           

13 The 2 main publications were:  

Product Life-Cycle Assessment - Principles and Methodology (1992). Nord 1992: 9th Nordic Council of Ministers, 
Copenhagen, Denmark 

Lindfors L-G, Christiansen K, Hoffman L, Virtanen Y, Juntilla V, Hanssen O-J, Rønning A, Ekvall T and Finnveden 
G (1995c) Nordic Guidelines for Life Cycle Assessment. Nordic Council of Ministers, Copenhagen, Denmark, Nord 1995: 
20. 

 
14 An overview of the published material from EDIP 2003 can be found in: Hansen E (2003) State of LCA in Denmark 
2003, Introduction to the Danish LCA methodology and consensus project. Environmental Project No. 1205, Danish 
EPA, Copenhagen. http://www2.mst.dk/udgiv/publications/2007/978-87-7052-644-9/pdf/978-87-7052-645-6.pdf  

http://www2.mst.dk/udgiv/publications/2007/978-87-7052-644-9/pdf/978-87-7052-645-6.pdf
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By organising the Nordic Seminar on LCA/PEF issues including the preparation of technical chapters on 5 
selected issues and the seminar presentations and group and plenary discussions, the NEF group continued 
their focus on using the involvement of Nordic experts etc. in the EU PEF and OEF project to support a 
revitalisation of the Nordic LCA cooperation. As the results from the seminar shows, there is still no Nordic 
consensus on all issues in LCA, but there is a willingness to cooperate and to better understand the 
arguments on LCA methodology and application e.g. for PEF. Very similar to a common outcome of 
standardisation activities in ISO or alike, the networking among experts and others can be as important as 
the written standard. Such common knowledge and understanding is crucial when the different experts 
from industry, consultancies, academia etc. have to work together to optimise the outcomes of e.g. EU 
projects. 

 

Kim Christiansen, kimconsult.dk 
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Annex 1 - Workshop programme 

2016.04.25 Monday 

12:00 Lunch at Hotel Scandic 

13:00  Welcome by Preben Kristensen on behalf of NEF - including a short announcement of the 
next seminar in September 

13:15  Background for and layout of the seminar by Kim Christiansen; Q&A 

14:00  FU for food by Erik Svanes; Q&A 

15:00  Break 

15:30  Granularity of scope by Kim Christiansen; Q&A 

16:30  End-of-Life by Sirkka Koskela; Q&A 

17:30  Break/buffer time 

18:00  Dinner at Hotel Scandic 

19:30  Uncertainty by Johanna Berlin; Q&A 

20:30  Valuation by Bo Weidema; Q&A 

21:30  End of day 1 

2016.04.26 Tuesday 

8:00  Breakfast and check-out of rooms 

9:00  Observations by all as input for discussion groups - with special input from Michele Galatola 

9:30  Introduction to the discussion groups  

10:00  Discussion groups – first round with discussion of challenges and solutions (3 groups) 

(X) = Chapter 

1. Functional unit for food (1) and granularity of scope (2) in group 1 with Erik Svanes and Kim 
Christiansen  

2. End-of-Life formula (3) in group 2 with Sirkka Koskela and Elin Eriksson  
3. Uncertainty (4) and valuation (5) in group 3 with Johanna Berlin and Bo Weidema  

12:00  Lunch 

13:00  Discussion groups – second round with focus on where consensus can be found and where 
not for presentation in plenary 

14:00 Plenary - presentations from the groups including experts summation on consensus/no-
consensus on the 5 issues in 3 rounds of ½ hour each. 

15:00  Break 

15:30  Plenary cont. - last round – with special input from Michele Galatola 

16:00  End of seminar - next steps by Kim Christiansen and Preben Kristensen 
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Annex 2 - List of participants 

Company/Institution Person e-mail tlf 

NIBIO (Norwegian institute of bioeconomy and 
research) 

Audun Korsæth audun.korsaeth@nibio.no +47 404 82 560  

2.-0 LCA consultants Bo Weidema bow@lca-net.com +45 33322822 

VTT Technical Research Centre of Finland Ltd Catharina Hohenthal catharina.hohenthal@vtt.fi +358407289464 

Naturvårdsverket Cecilia Mattsson  Cecilia.Mattsson@Naturvardsverket.se  +46 10-698 10 45 

SINTEF Materialer og kjemi Christopher Skaar Christofer.Skaar@sintef.no +47 41 44 95 22 

IVL Swedish Environmental Research Institute Elin Eriksson elin.eriksson@ivl.se    +46 (70) 595 65 90 

SINTEF Fiskeri og havbruk AS Erik Skontorp Hognes erik.hognes@sintef.no +47 40225577 

Oestfoldforskning Erik Svanes erik@ostfoldforskning.no  +47 970 16 051 

Danish EPA Gert S. Hansen  gesha@mst.dk +45 72 54 45 89 

SP Technical Research Institute of Sweden Johanna Berlin johanna.berlin@sp.se +46 (0)10 516 57 84 

kimconsult.dk Kim Christiansen kim@kimconsult.dk +45 22776987 

EPD International Kristian Jelse kristian@environdec.com  +46 10-788 6913 

Århus Universitet Lisbeth Mogensen lisbeth.mogensen@agro.au.dk +45 87 15 80 25 

Aarhus Universitet Marie Trydeman Knudsen  mariet.knudsen@agro.au.dk  +45 60 73 74 04 

IVL Swedish Environmental Research Institute Martin Erlandsson martin.erlandsson@ivl.se  +46 85 98 56 300 
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Company/Institution Person e-mail tlf 

European Commission Michele Galatola michele.galatola@ec.europa.eu  +32-2-29 65759 

Miljødirektoratet Monika Lahti monika.lahti@miljodir.no  +47 465 04 588 

prebenk Preben Kristensen pk@prebenk.dk  +45 60 75 60 40 

Finnish Environment Institute (SYKE) Sirkka Koskela, SYKE sirkka.koskela@ymparisto.fi +358 400 295 251 308 

Alectia Susanne Vedel Jørgensen sujo@alectia.com +45 27 613 907 

IVL Swedish Environmental Research Institute Tomas Ekvall tomas.ekvall@ivl.se  +46 (0)10 788 68 31 
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