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Nutritional Life Cycle Assessment:
Setting a New Research Agenda
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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 P | an etary

yellow represents the zone of uncertainty (increasing risk), and
the red is a high-risk zone.
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Food Systems IR

Nearly 811 million people suffer from chronic hunger (2020)

Global prevalence of obesity increased to 1%ih 2016; 39 %
of adults overweight

Micronutrient deficiencies common globallyegardless 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 &7 billion)

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




Overview

1. Life Cycle Assessment
A Towards nutritional LCA

2. Case studies:
A Avocado LCA
A LCA of a novel protein source

3. Current research themes
A Modelling issues
A Other themes
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Figure &: Decision tree to support davelopment of a nutrition life cycle assessment study
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Source: McLaren et al.,
2021, p.99
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Methodology issues requiring refinement of current methods:

- Is there an optimal number of nutrients to be considered imhGA
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)



|dentified priorities LIFECYCLE

Methodology issues requiring extension beyond current methoddlddibél |
framework:

Use oinLCAstudies at the meal and dietary scales
Assessing food systems within environmental limits
Extension into food systems sustainability assessment
Representation of muHiunctionality of food items imLCA
Assessment of nenutrients and antinutritional compounds
Development of nutrition impact category

How to deal with food fortification inLCA

[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.]
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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 afLCAto support decisionmaking:
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Avocado LCA results: insights (1)

%
et
NEW ZEALAND i(%a ?)‘7 b Qup’

LIFECYCLE

MANAGEMENT CENTRE
M Far North ® Mid North  ® Bay of Plenty
70
e
@ 60
o
E 60
w
Qg 51
m 48 =0
% 50 45
-
T
o
S 40
1=
=]
b= 29
5§
-+
2
= 20
E
c
=]
o
= 10 5 5 5
1 1 0 o 0o 0
o H_m . "
Agrichemical use Fertiliser and soil Fuel use Water use Electricity use
conditioner use
Inputs/sub-stages
Figure 11 Contribution (%) of Inputs/sub-stages to overall climate change impact of the orchard stage
Source: AEnvironmental Life Cycle Assessment of NZ Avocados

(Majumdar and McLaren, 2021)



A Basis for comparison
A 100 g of different products?
A Serving size? How typically eaten?
A Nutritional value?
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Protein source [l Avocado (6.0 kg CQe/100 g protein, NZ average)
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Poultry 5.7
Eggs 4.2

{Mew Zealand)

Tofu 2.0

(Mew Zealand)

Pulses g 0.8
Nuts s 0.3

1 range of results for each protein source

Figure 1: Carbon footprints of different dietary proteins on the global market - farming to retail only *
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2. Case study:
novel protein

A Data from productiorscale pilot
scaled to industrial production

A Uncertainties calculated using (a)
Monte Carlo analysiand (b)
sensitivity analyses

A Baseline Finland but model
adapted for different countries
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Ovalbumin production using Trichoderma reesei
culture and low-carbon energy could mitigate the
environmental impacts of chicken-egg-derived
ovalbumin

Matasha Jirvié @2 =, Tuure Parviainen 034, Netta-Leena Maljanen 2, Yumi Kobayashi 034,
Lawri Kujanpéi @3, Dilek Ercili-Cura®, Christopher P. Landowski®, Toni Ryyndnen @2,
Emilia Nordlund @2 and Hanna L. Tuomisto ® 248

Owalbumin (OVA) produced using the fungus Trichoderma reesed (Tr-OVA) could become a sustainable replacement for chicken
egg white protein powder—a widely used ingredient in the food industry. Although the approach can generate OVA at pilot
scale, the environmental impacts of industrial-scale production have not been explored. Here, we d d an anticipatory
life cycle assessment using data from a pllot study to compare the impacts of Tr-OVA production with an equivalent fune-
tional unit of dried chicken egg white protein produced In Finland, Germany and Poland. Tr-OVA production reduced most
agriculture-associated Impacts, such as global warming and land use. Inereased Impacts were mostly related to industrial

inputs, such as electricity production, but were also associated with glucose consu

. Switching to low-carbon

sources could further reduce
agriculture for OVA production.

tal impact, d

he global growing demand for chicken egg white protein pro-

duction results in many environmental impacts, such as land

use, climate change, water scarcity, resource depletion and
eutrophication' ™. Ovalbumin (OVA) is the most abundant pratein
in egg whites, consisting of aver 50% of egg white proteins. It has
been expressed in several host organisms, including Esdherichic
cali and Pichia pastoris, mainly in the lab™*. Advances in cellular
agriculture concepts have made it possible to produce recombi-
nant ar cell-cultured OVA on a karge ensugh scale o consider it
an economically feasible option to chicken-based egg white pow-
der’. Using the filamentous ascomycete fungus Trichodermma reesed,
a well-estahlished and efficient production organism, cell-cultured
OVA is now produced in 2 bioreactor at a pilot scale. The process
is a form of acellular production where microorganisms are grawn
to produce an extracelbular recombinant protein, in this case OVA
(bengthe 386 amine acids)™. The coding gene in chickens (Gallus
gullus domesticies) is SERPINBI4 (hibtps:/ (wwwuniprot.org/uniprot
PO1012). The final product of cell-based production is a protein
powder that typically shows comparable functional properties to
chicken egg white protein powder and can be used as a replacement
in food formulations.

The purpase of this sudy wasto assess the environmental impacts
of cell-cultured OVA production in comparison to chicken-based
egg white protein powder (hereafier referred to as egg white pow-
der, unlbess otherwise specified) production using an anticipatory
life: cycle assessment (LOA} method™ . Using an LCA quantifies the
emvironmental impact of T. reesei-produced OVA throughout all

EnerEy
strating the potential benefits of cellular agriculture over livestock

production steps and allows for the trade-off comparison between
different impact categories' . The impacts af the production pro-
cexs were estimated for that of an industrial level of 100,000 kg, using
data from a production-scale pilot and a techno-economic assess-
ment {TEA) produced by ¥TT . Uncertainties were calculated using
Monte Carlo (MC) analysis, while the sensitivities of the results were
estimated with various sensitivity analyses. Since production of T
reesei OVA (Tr-OVA) mainly rebies on the provision of dectricity
and the carbon intensity of countries varies', we also assess the pro-
duction of Tr-0VA in various countries. The flow chart in Fig. |
shiws the assumed process steps, including the most notable inputs
and outputs, and indicates the main focus of this study.

Results

Impact of Tr-OVA for different scenarios. Figure 2 shows the
envirenmental impact of Tr-OVA production per kg of product
and contribution per process for four scenarwos—Finland (FI),
Germany (DE), Paland (PL) and Finland using a low-carbon elbec-
tricity mix {FI-LL) that includes both renewable energy sources
and nuclear power (the Supplementary Data shows the full inputs
af thiz madel), which were chosen to reflect different carbon inten-
sity bevels of country electricity mixes within the European Union''.
The largest contributor for most impact categories comes from the
input of glucose with a share of 2-54%, depending on the impact
category and country. For land use, the contribution of glucose
most cleasly dominates (86-92%), illustrating the reliance of land
use of agricultural products. In addition, for water scarcity —also
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