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Functional unit, a measuring stick in LCA

• The functional unit is very important for LCA results as it is 

the denominator in calculation of results.

• In cases where several functions are relevant, it also 

decides which functions we focus on and which are 

excluded. 

• When focusing on one function, the way the functional unit 

is formulated is important, e.g. if we look at nutrition and 

only include a few nutrients.  



Problem

• The most common functional unit (FU) used in LCA of food 

products is still based on mass or volume. 

• This is a big contrast with other product groups where FU 

more linked to the actual function of the product, e.g. for 

paints the function might be:  

Protecting a 10 m2 interior wall surface for 15 years. 

• The continued use of mass or volume cause problems, e.g. 

comparison of environmental performance of products that 

have different functions and thus should not be compared.  



Weight-based comparison (GWP in g/kg product) 

of food products with different functions.
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What does the standards say?

• ISO 14044:  “The scope of an LCA shall clearly specify the 

functions (performance characteristics) of the system being 

studied”. 

• PEF Guide: The functional unit shall be deduced by 

answering the questions: 

– Which function(s)?

– How much?

– For how long? 

– At which quality level?



FU in two draft PEFCRs

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 tonne 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), 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.



Is the problem solved in these PEFCR drafts?

• No. 

Although it helps to specify quality attributes of the product, 

FUs should be more specific. 

In particular we should have a FU that quantifies function.  



Some functions covered by food 

• Preserve life

• Enable growth of the body from child to adult.

• Enable body and mind to do a number of functions, e.g. to 

work. 

• Enjoyment and emotional fulfilment.

• Social functions

• Cultural functions



Many functions, one unit

• It seems difficult, if not impossible to combine all functions in 

one number. 

• Nutrition of the body seems to be the most important 

function. 

• Clearly, different product gives different nutritional benefit, 

e.g. milk vs Coca Cola. 

• Can we find a FU that reflects the ability of a certain product 

to provide nutrition to the body?



Alternative 1: Single component unit.

• A unit that reflects just one nutrient, or category of nutrient: 

Examples:

1 kg protein

1000 kcal 

Advantage: Relatively simple, beneficial to use if there is one 

nutrient that represents the function well.

Disadvantage: Misses out many important nutrients

Not recommended to use. 



Alternative 2: Economy based FU

• Using product price as FU

• Advantage: Easy to find data, reflects consumers 

willingness to pay, one-dimensional.

Disadvantage: Weak link to nutrition, price is linked to many 

emotional factors, consumers are not always well informed 

of product properties and own needs.   

Conclusion: Not recommended to use as FU.



Nutrient density indices

• An Nutrient density index (NDI) is a metric that reflects the 

amount of nutrients in a given quantity of a product. 

• General formula NDI = ∑ (Wi/RDVi) * 100 
Wi is weight of ingredient I in a certain amount of product

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.

There are many variations: In some cases other features are 

added, e.g. weighting factors for nutrients, capping certain 

nutrients at 100 % of RDVi, including ingredients to be 

limited, relating to energy content. 



Two proposed NDIs

Name Formula Nutrients Reference

WNDS 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 

food in 100 kcal. 

Protein, Calcium, 

unsaturated fat, 

Vitamin C, saturated 

fat, salt

Nutrient Rich Foods 

NRF 9.3

=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 %.

Positive: protein, fiber, 

calcium, vitamins A, C, 

and E, iron, 

potassium, and 

magnesium.

Negative: sugar, salt 

and saturated fats

Drewnowsky (2009).



Summary

• Advantage: Reflects the nutritional quality of a product, 

gives a single number. Encourages the development of 

more nutritional products. Prevents unhealthy foods and 

diluted foods from appearing to be good environmental 

choices. 

• Disadvantage: Difficult to weigh between different nutrients, 

also difficult to device a metric that takes into account all 

important nutrients and substances to be limited in a way to 

give a fair comparison between products.  

Difficult to take into account one products impact on the 

overall diet of a person. 



Recommendations for NDI application

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 %

• Set weighting factors on all nutrients taking into account the nutritional 

status of the EU population. What do people get too little of, and what do 

they get too much of?

• 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. 

• Test with sensitivity analyses looking at important competing products.

• Also test other NDIs as part of the sensitivity analyses.



Roadmap for choosing FU

Heller et al (2013) discusses the use of FUs in food LCAs and concludes 

that not one single FU should 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: 

• 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. 

• 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. 



My recommendation

• Nutrient density indices (NDI) can be used as a basis for food FU. The choice 

must be justified and implications tested, e.g. by doing sensitivity analyses. 

• An NDI should include all important nutrients for the product group, also consider 

nutrients to be reduced, set a cap on certain nutrients and apply weighting 

factors based on the importance of each ingredient.

• Complete transparency is important when using NDIs, showing how it is 

calculated and giving all background data.

• Regardless of what functional unit is chosen, the results should also be 

presented on the basis of mass or volume, or data be given so that the reader 

might calculate this.

• The unit should be linked to amount leaving the product system or amount in 

final consumption. 

• The FU should be linked to quality parameters. 

• 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.



• Thank you for your attention.

• Erik Svanes: 

erik@ostfoldforskning.no


