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Current status of the control variables for seven of the planetary 

boundaries. The green zone is the safe operating space, the 

yellow represents the zone of uncertainty (increasing risk), and 

the red is a high-risk zone. 
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Business as usual is not an option

Call for transformation of food 

systems

Requires assessment of alternatives

Source: Steffen et al. (2015).  

Science 2015;347:1259855



Food Systems

Nearly 811 million people suffer from chronic hunger (2020)

Global prevalence of obesity increased to 13.1 % in 2016; 39 % 
of adults overweight

Micronutrient deficiencies common globally - regardless of 
weight

More than 3 billion people cannot afford a healthy diet: healthy 
diet two to five times more expensive than an energy 
(caloric) sufficient diet, and up to two times more expensive 
than a nutrient sufficient diet

By 2050, 2 billion more people than there are today, mainly in 
Africa (world population estimated at 9.7 billion)

Source: McLaren et al., 2021, 
p.99



Overview

1. Life Cycle Assessment

ÅTowards nutritional LCA

2. Case studies:

ÅAvocado LCA

ÅLCA of a novel protein source

3. Current research themes

ÅModelling issues

ÅOther themes



Functions of food:

nutritional value

hedonic enjoyment

socio-cultural functions

monetary value

ά Χ ƴǳǘǊƛǘƛƻƴŀƭ [/! όnLCA), a phrase used to 
describe an LCA study where the 
provision of nutrient(s) is considered as 
either the main function or one of the 
Ƴŀƛƴ ŦǳƴŎǘƛƻƴǎ ƻŦ ŀ ŦƻƻŘ ƛǘŜƳΦά όǇΦрΣ 
McLaren et al., 2021).

What is nLCA?



Source: McLaren et al., 

2021, p.99



Methodology issues requiring refinement of current methods:

- Is there an optimal number of nutrients to be considered in an nLCA, 

and should it include nutrients to be limited?

- What is the optimal use of nutrient indexes in LCA?

- How to deal with comparisons across different food groups versus only 

within food groups

- How to represent nutritional changes in processing that occur outside 

a curtailed system boundary (e.g. during preparation of meals at home)

- Representation of nutritional value using indicators that extend beyond 

nutrient quantities (e.g. accounting for health impacts/outcomes)

- Modelling of future scenarios (using attributional/consequential 

approaches)

Identified priorities 



Methodology issues requiring extension beyond current methodological 

framework:

- Use of nLCAstudies at the meal and dietary scales

- Assessing food systems within environmental limits

- Extension into food systems sustainability assessment

- Representation of multi-functionality of food items in nLCA

- Assessment of non-nutrients and anti-nutritional compounds

- Development of nutrition impact category

- How to deal with food fortification in nLCA.

[Scientific development of specific impact assessment methods is also 

identified in the report. However, the UNEP Life Cycle Initiative already 

functions as the forum for pursuing this topic.]

Identified priorities 



Identified priorities 

Communication:

- How to represent unknown data in LCA e.g. on digestibility, food matrix 

effects

- Representation of data variability and uncertainty

Data issues (we know what we want to collect but it is not available):

- Environmental and nutritional data for developing countries

- Food loss and waste

Guidance on use of nLCAto support decision-making:

- {ǳƛǘŀōƛƭƛǘȅ ƻŦ ΨƎŜƴŜǊƛŎΩ [/! ƳŜǘƘƻŘƻƭƻƎȅ ŦƻǊ ŘƛŦŦŜǊŜƴǘ ŀǇǇƭƛŎŀǘƛƻƴ ŀǊŜŀǎ



Avocado supply chain



Avocado LCA results: insights (1)

Source: ñEnvironmental Life Cycle Assessment of NZ Avocados 

(Majumdar and McLaren, 2021)



CǊƻƳ ǘƘŜ ŎƻƴǎǳƳǇǘƛƻƴ ǎƛŘŜ Χ

ÅBasis for comparison

Å100 g of different products?

ÅServing size? How typically eaten?

ÅNutritional value?



Nutritional Life Cycle 
Assessment?

Source: ñLCA of NZ Mussels and 

Oystersò (thinkstep ANZ, 2021)

Avocado (6.0 kg CO2e/100 g protein, NZ average)      



2. Case study: 
novel protein

Å Data from production-scale pilot 

scaled to industrial production

Å Uncertainties calculated using (a) 

Monte Carlo analysisand (b) 

sensitivity analyses

Å Baseline Finland ïbut model 

adapted for different countries




