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Delivering sustainable nutrition is a major challenge in the food sector to mitigate the large negative environmental and health consequences of the food system.
In developed countries, these issues stem from the over-consumption of energy-rich, nutrient-poor foods and animal-based products, and the under-
consumption of healthy, nutrient-dense foods. We investigate, through a consequential LCA, the potential environmental effects of increased legume

production and consumption at a European scale, considering diet change and substitution of animal protein and South American soy imported to Europe, to align
better with the recommended sustainable EAT Lancet diet (Willet et al., 2019). Our scenario comprises of innovative legume-based products that mimic a popular
alternative to facilitate consumer regime shift. These include a substitution of wheat-based gin, barley beer, potatoes, dairy milk, and beef meatballs with pea

Materials and Methods

Consequential LCA from cradle to fork integrating agricultural rotation changes and diet
change (Figure 1).

« What is the environmental impact associated with a change in the current European diet,
with a substitution of popular foods for legume-based alternatives, to better align with the
EAT Lancet recommended diet (Willet et al., 2019)7?

Amount of foods differences calculated between EAT Lancet-recommended and European
diets; substituted and substitution products selected with available data (Table 1).

«  Commodity amount differences were then extrapolated at European level (Figure 2)

Integration of agricultural rotation changes

«  Change from baseline conventional to rotations with legumes as in Costa et al (2021).
« To determine which European countries were most likely to integrate these rotation
changes, predictions were made from FAOSTAT (FAO, 2021).

Crops to decrease the production of:

Future predictions were determined from average annual growth rate (calculated with average
area harvested (2010-2019) per European country). Countries with highest future predicted
cultivation area decrease of crops of interest were selected.

Crops to increase the production of:

Same approach as above, except that countries with highest future predicted quantities
produced increase of crops of interest were selected.

« Countries that were present in both searches were selected, and from this list available
rotation data were matched (Table 2).
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Figure 1. Schematic diagram of the consequential LCA study

Future steps:

 Rotations will be selected to meet as closely as possible the required European-level
commodity replacement.

« Rotations will be combined with post farm-gate steps, and the changes will be modelled in
the OpenLCA software. Results will provide recommendations to policy makers as potential
effects of European diet substitution with an inclusion of legumes in rotations and foods.

Table 1: Countries with rotation data matching the diet change modelled

Crop reduction Crop increase
Country Potato Barley Maize Oat Rapeseed Wheat | Drypeas Soybean Chickpeas Broad beans
Romania potato barley oat dry peas soybean chickpeas
Serbia potato maize soybean
Italy potato maize oat wheat soybean chickpeas broad beans
Bulgaria barley rapeseed dry peas soybean chickpeas broad beans
Austria barley rapeseed = wheat soybean
\Germany | ~ maize  oat  rapeseed wheat | drypeas  soybean  broad beans |
Sweden oat broad beans
United Kingdom rapeseed  wheat dry peas broad beans

gin, faba bean beer, chickpea pasta, soymilk, pea protein balls, and tofu. In addition, unlike existing diet-LCA studies that use generic database footprints and
thus do not consider consequences of changes in rotations, we introduce these in our model, as rotation configuration and inter-crop effects can have a significant
influence on environmental impacts (Costa et al., 2021). This study informs decision-makers about direct and indirect effects of such a diet change, providing
Insights to achieve a sustainable transition to increased legume cultivation and consumption across Europe.

Table 2: Changes in European diet modelled to better meet the EAT Lancet diet

Difference EAT diet vs current
Food Products Percentage  Macronutrient |Corresponding products modelledin  Substitution
difference intake, g/day |the cLCA product
Tubers or starchy vegetables
Potatoes and cassava 400% -150|potatoes chickpea pasta
protein balls (potato starch)
Dairy foods
Whole milk or derivatives 123% -59|dairy milk soy milk
Protein sources
Beef and lamb 433% -23 | meatballs (70% beef) protein balls
tofu
Legumes 14% 204
Dry beans, lentils, and peas 14% 86 |protein balls (pea protein isolate)
protein balls (pea protein fractionated)
chickpea pasta
Soy foods 14% 43 soy milk (soy)
meatballs (soy protein concentrate)
tofu (soy)
Additional products
Corn protein balls (cornflakes)
Onion protein balls (onion)
meatballs (onion)
| Onion
[ Soy outside of EU (cattle)
l Soyin EU
Pea
I Chickpea
i Wheat (cattle)
| Sugar cane (cattle)
| Rapeseed (cattle)
i Oat (cattle)
[ Maize (cattle)
[ Barley (cattle)
I Grass silage (cattle)
I Potato
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Figure 2: European-level commodity replacement required (ton/year)
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