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» Today’s talk will primarily cover the following:

* Infroduction to Life Cycle Assessment

History, theory, and real-world applications
Essential approaches when conducting LCA

« Why are we seeing arise in nutritional LCA (nLCA)¢:

Voluntary & mandatory sustainability reporting
Changing consumer behaviour

« NLCA in practice & what is next

Case studies on priority micronutrients and protein
quality

What is required so that nLCA can serve
sustainability gains in the food sector?

Talk overview
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Brief infroduction to Life Cycle Assessment (LCA)

Life cycle assessment (LCA) is a systems-
based modelling tool originally developed in Life cycle assessment framework
the late 1960s &

Direct applications

Goal and scope

It has been applied to the food sector for derniton

decades now Q, i ﬁ

Inventory @

* Product development and

Generally used by decision-makers in the real- analysts Interpretation improvement
world (e.g., businesses), demonstrated via () G

increasing demand for consultants to tackle impact ; Marketing
sustainability-related reporting audits e

An LCA is conducted under four interlinked
stages, making modelling an iterative process

arper Adams
niversity




What does an LCA scope diagram look like?
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https://www.youtube.com/watch?v=wbdpy1treOY
https://www.youtube.com/watch?v=KO901ivGatQ&t=17s
https://www.youtube.com/watch?v=8sLs7aWkKRM
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https://www.youtube.com/watch?v=SYb4QFnEO-8
https://www.youtube.com/watch?v=Dg8nTJ0cHVI

@ |ih,

Impact data often come from commercial dc
large-scale, in-house, sustainability feams have access to

« Several VSSs remain based on simple scoring mechanisms and minimalist peer-review
processes, if any at all, which under LCA standards does not adhere to protocols

NUTRI-SCORE

« The same as above can arguably be applied to nutritional labelling... A



What is nutritional Life Cycle Assessment (nLCA)?

& In short. exploring the environment-
Tier 1 nLCA process 010 ‘ . .y
k nutrition nexus (‘Enviro-nutri’)

Single nutrient

functional uni WlaZd Note: this is largely used (to date) for in-
Sl house/scientific studies as there are no

labelling systems developed yet
ForegT' |IIIIIIII Background 'IIIIIII IIIIIII'| :
COﬁ::ED“ "., data Cillection |".‘ ,.'J|

Yo

midpoint

Nutritional data Composite
nutritional density Interpretation
& Goal and scope WifedBycleinusntany A;;fss;::rlc;i'cl?:z?;t] - runctonsiunt
P Analysis (LCI)

AN | 4

Health/nutritional data

End-point health Health-based
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o™ Food and Agriculture
%) Organization of the
United Mations

Goal and Scope for nLCA Goal and Scope for nLCA Inventary Analysis for Impact Assessment for Interpretation for nLCA
[Chapters 3, £) [Chapters 3, &, 5, 6] nLCA [Chapters &, 5, &) nLCA (Chapter 7] [Chapters 8, 9]

What is the object What is the focus of the study? atis s of the study? Data collection at Inverltnnr Choice of Impact Requirements
being studied? One or more then one food items? ne o utrients? Anal)rsls Assessment method at Interpretation
Food item(s) (simple) Single food item Single or several nutrients —>- Report limitations
Food item(s) [complex) (see Chapter 8]
Ingredientis) General nutrition —>-

l:ol.hcl dlh on nutrients, nutrition
'or di eiary health risks

|

Nutrients/nutrition assessed at
Impact Assessment
Nutrients/nutrition not
assessed atImpact Assessment

Integration of environment
and nutrition in life cycle
assessment of food items:
opportunities and challenges

Y
&
k}j

« In 2020 the FAO approached experts in the field of NLCA to provide guidance for practifioner,
newcomers to the method given there were no official standards to adhere to

Use WIHII]' of single or several
U 5

ditional uunlhlmirilnu umdnl.c
Report limitations [see Chapter 5).

Use nutrient density as FU*
and report as many additional
essential nutrients as possible.
Report limitations [see Chapter 51

Nutrients/nutrition assessed at
midpoint using nutrient density index

Use standard or effective serving size
as FU and report as many essential
nutrients as possible®.
Report limitations [see Chapter 5).

Single or several nutrients
If serving size mass comparable

Agricultural products across alternatives for the
not intended for human common function then
additional option...

Comparison across more
than one food item
[but with same function)

Nutritional effects an human health
assessed at damage/endpaint

N\ \

Use food item quantity related to study
objectivels] as FU, and report as many
uumhl. nutrients.as passible®,
Rey ations [see Chapter 5]

consumption
[e.g.for energy, building
construction, petfood)

« To this day it remains the only official documentation offering some level of operating
though it is not, nor does it claim fo be, a formal standard

* No standard exists to this day, parfially explaining the risks described
earlier (and more to come)

McLaren et al., 2020; DOI:
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https://doi.org/10.4060/cb8054en
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McAUliffe et al., 2023; DOI:

Differences in A global warming potential (GWP;p; kg CO5-eq /100 g protein) and B land use
(LU; m.2*year) / 100 g protein) per product according to internationally weighted averages
calculated by Poore and Nemecek (2018a) when products are either uncorrected for protein
quality (No DIAAS) or corrected using untruncated DIAAS (as labelled in both graphs), based on
DIAAS values reported in Table 2. Whilst protein values are reported in Poore and Nemecek
(2018a) for most products, the value used for wheat was unidentifiable (cereals were simply
reported as ‘variable protein’); as a result, we adopted the protein value from the same food
commodity used in Table 1 which equated to 11.2% protein (USDA 2019; product code 08,144);
however, the GWP value was transformed from bread to wheat and may therefore be slightly
misaligned with primary processing into consumable wheat, though the protein content was ’

not sensitive following a check with similar food items in USDA (2019)
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A one-sided ‘debate’ on the of (n)LCA

The old saying about all models being Peanut butter & jelly sandwiches

: : Nuts & seeds
wrong, but some being useful applies Pestieiesai cauels
heavily to LCA Snack/meal bars
Unfortunately, however, some people Non-starchy Vegeézalgs
have begun fo assume that models Sweet bakery producé
which are highly uncertain are factual PSugIars
This leads to a story of scientific debate °Egtg
on the strengths and weaknesses of Red meat
NnLCA Cured meats/poultry

For visual context, see the graph on the
right

Harper Adams
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NLCA done properly: testing assumptions

Global warming potential
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: . Land use
Functional units (impacts/kg

4

1. Groundnuts
12. Cow milk | 8.9
13. Farmed Fish
14. Oats (oatmeal
15. Peas |
16. Eggs | 6.3
17. Wheat & Rye (Bread) | .9
18. Tofu
19. Crustaceans (farmed)
20. Maize (Meal)
21. Rice | 2
22. Palm Oil | 2.4
23. Berries & Grapes
24, Bananas
25. Cassava | 1
26. Other Fruits.
27. Potatoes
28. Citrus Fruit
29. Tomatoes
30. Soymilk
31. Apples
32. Brassicas
33. Onions & Leeks
34, Other Vegetables
35. Root Vegetables

100 200 300 400
Land use (miyr 1 kg)

The global mean carbon footprints (reported in kg CO,-eq) of food portions required (a) per kg or I, (b) per 1,000 kcal, and (c) per target Priorit
iron, and zinc for adults =25

years, with each micronutrient’s contribution capped at 100% of recommended intakes). Footprints are ranked from highest to lowest in each

Katz-Rosene et al., 2023; DOI: https://doi.org/10.1038/543247-023-00945-9
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10. Other Pulses
11. Egg:
12. Berries & Grapes |

19. Crustaceans (farmed) |
20. Citrus Fruit |
21.Peas |
22. Nuts | 2.1
23. Cassava | 1.9
24. Other Fruits |
25. Groundnuts | 1.¢
26. Soymilk | 1.5
27. Wheat & Rye (Bread) | 1.4
28. Apples | 1.3
29. Other Vegetables |
30. Potatoes | 1.2
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33, Rice
34. Maize (Meal)
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nLCA done properly: improving data availability

Functional units (impacts/kg, kcal, or composite score)
B Energy

2. Lamb & Mutton %}x
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23Egg |12
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Katz-Rosene et al., 2023; DOI: https://doi.org/10.1038/543247-023-00945-9

1. Oliv OIE 071

Most nutritional profiling used in NLCA
studies has relied on secondary data

Whilst unavoidable largely, nutrients may
be cherry-picked to favour one product
over another

Therefore, we developed the Priority
Micronutrient Value — a scoring index

which assesses a food for the most glob
deficient nutrients

Only primary data from real-world
producers can help scientists u
true sustainability of foods
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Conducting the first index-based nLCA of UK food systems

(a) UKNI,,, 10

Species Mass-based GWP (kg | Quality-based GWP (kg | Quality-based GWP (kg
CO,-eq/kg meat) CO,-eq/g omega-3) CO,-eq/g EPA + DHA)

Concentrate "" 48.0 288.1

Forage 18.5 67.7

o
Pt
(5]

o
L]
(=]

kg CO,-eq/1% RDI
o]
A

=]
=
o

Lowland . 28.7 99,2

Upland 30.0 98.9
Chicken Intensive 1.2 251 Concentrate Farage Lowland Upland Intensive Free range Intensive
Beef Lamb Chicken Pork

Free range 5.1 2.4 34.7

Intensive a . 50.3

« Developed the UK Nutritional Index (UKNI)

UKNI, . 10-2

prot

=
[t
(]

« The version created was for protein source
comparisons only

kg CO,-eq/1% RDI
=
3

o
s
o

Overall, small but not negligible differences were

observed under UKRI, as concentrate beef had a

lower GWP than chicken under a dietary-centric : o ST E—— -
oncentrate orage WwWilan plan ntensive ree range ntensive

research question Beef Lo Chicken Pork
McAuliffe et al., 2018; DOI:
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OrepPdo

partners to join an At o

project (no financial costs required!) /
As more and more ‘healthy alternativef
come on the market, in reality we /o
very little about their true nuftritiong

composition & quality
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On-going work in the (N)LCA realm

\V/ Food and Agriculture

Organization of the
United Nations

C

orm 3 5
Pasta (whaole & refined wheat) 30 W egatahles
Rice (brown & white) W Legumes,nuts, &s
Watermelan

20 40 a0 80 00
Mutritional Value Score

« Major project 2: FAO alt-ASF review

Major project 1: Indonesian nLCA « HAU working alongside Corne
« The nutritfional value score has been and FAO to explore alt-ASF
designed to account for bioavailability
and digestibility across food groups « Main task is exploring if gnv. claims by

alt-ASF products are yerifiable & true
« |tis being trialled in Indonesia, with

expansion projects on-going in the UK

Harper Adams
& Kenya
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Recent output of cutting edge nLCA work

If inferested in the enviro-nutri nexus...

EDITORIAL article

Front. Sustain. Food Syst., 28 August 2024 This article is part of the Research Topic

Sec. Nutrition and Sustainable Diets Pushing The Frontiers Of Nutritional Life Cycle Assessment (nLCA)
To Identify Globally Equitable And Sustainable Agri-Food Systems

View all 15 articles >

Editorial: Pushing the Frontiers of nutritional Life Cycle
Assessment (nLCA) to identify globally equitable and
sustainable agri-food systems

a Graham A. McAuliffe” O Ty Beal®? ‘3 Michael R. F. Lee* 9 Jolieke C.van der Pols®

1C. United States
Soci yral L r of California, Santa Barbara, Santa Barbara, CA, United States

lobal A
# Faculty of Health, Scho vercise & Mutrition Sciences, Queensland University of Technelogy. Brisbane, GLD, Australia H a r p e r Ad a m s
| Uni it

McAUliffe et al., 2024; DOI:


https://doi.org/10.3389/fsufs.2024.1471102

Multidisciplinary da

* Primary data from, e.g., Future Farm, HFI, industry
partners, NGOs, etc., can unlock novel insights

 Food waste narratfives/circular activities can be
quantified (and/or upscaled) using LCA

« Impacts associated with novel food development
(e.g., a change in ingredients) can be calculated

Recent work has focussed on fatty acid quality (rather
than reductionist SFAs, MUFAs, & PUFAS), with untested
implications for the cheese sector

A similar gap goes for ASFs as whole: digestibility and
bioavailability tends to be at very high levels with little
to no anti-nutritional factors

HAU is in the process of developing the world’s first
enviro-nutritional MSc programme, preparing digitally
talented postgrads for a career in sustainable foods

University



topics cove
broader research in the

LCA/sustainability fields
welcome
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https://x.com/G_A_McAuliffe
mailto:gmcauliffe@harper-adams.ac.uk
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mailto:gmcauliffe@harper-adams.ac.uk
https://www.researchgate.net/profile/Graham-Mcauliffe
https://scholar.google.com/citations?hl=en&user=hQW16ccAAAAJ
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