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1 Deliverable (D) Title: D5.2,SummaryLeaflet: attributional Life Cycle Assessment
(LCA}Yo assesdhe sustainabilityof legumebased products

1 Nature of deliverable: Information leaflet

I Dissemination level: Public

1 Deliverable Description: The leaflet described in this project Delierable highlights key
methodology andfootprint results for legume food and feed products.dimmarises some
key findings on legume environmental footprints froman attributional Life Cycle
Assessment(LCA)undertaken in WP5. Carbon footprint results are presented bwans,
chickpeas, soybean, lupins and pesacrossthe three Europearbiogeographicalregionsd
Atlantic/Boreal, Continental and MediterranearKey results for pedjin, pea protein balls
and chickpea pasta i@ also highlightedas example case studies
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This deliverable report for D5.2 briefly describes the content and target audience of the information
leaflet on legume sustainability. The leaflet is attach@dAnnex Jand presents key attributional.ife
CycleAssessmen{LCAYesults described in det#in the associated D5.3 (open accdgSAdatabase)
report. For simplicity, the leaflet focusses on carbon footprint results, expressed as kg CO
equivalent per unit of energy and protein in legume crops, benchmarked against conventional grain
crops (whed, barley and maize)Carbon footprints are also summarised for gin and protein balls
made from peasand pasta made from chickpeas, compared with conventional whegn, beef
meatballs and durumwheat pasta, respectively. The leaflet demonstrategth model examples
how the attributional LCA is approaclis applied to ascertain thesustainability credentials(i.e.
sustainability) of legumes crops andlegumebased products and highlights the important
contribution that wider cultivation of legumes could mak& sustainable farm systemsand value

chains
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The leaflet produced for D5.2 presents key life cycle assessment (LCA) results taken from the open
access database (D5.3). Readers are referred to the comprehensive D5.3 reporbferdetails on

methodology, etc(Porto Castaet al., 2020)

LCA ighe quantitative evaluation of inputs, outputs and environmental impacts arising during the
production, use and disposal of a product or servig&0O 14040, 2006)he leaflet produced for this

deliverable presents results from LCA described in detail in an accompanying report for Bs&y

of the leaflet (Appendix) includes a system diagram summarising main processes considered. All

results are based on attrillL AGF9 D * | NN EGKL-GOAIA@ KRKMDGE9 L-ACGIF <19G
products. For simplicity, the leaflet focusses on carbon footprints, expresaskg Ce@equivalents.

Crop LCAs were based onlaadle to farmgateAscope, and expressed per kg proteor 0.1 GJ

digestible energy content basjsaccording to nutritional data from FeedipedidNRA, CIRAD and

FAOQ, 2019)n order to contextualise results, footprints were benchmarked against carbon footprints

for protein and energy in conventional cereal crops, i.e. wheat, barley and maize grains.
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The leaflet is intended foall stakeholderswith aninterest to developprospective legume value

chains. It highlights the environmental credentials of legumes, especially when footprints are

=PHJ=KK=< H=J MFAL G> FMLJALAGF O=?K =F=J?Q GJ

density units(van Dooreret al,, 2017)n final food products).The information has powerful
marketing potentialand can be used justify behaviour change, whether-famm and extending to

include viaimplementation strategiesfor new policy andgovernance.

The leaflet summarises carbon footprint results for the followifggumescrops across European
biogeographicalregions

beans cultivated in GermanyRomanig Italy, United Kingdom
beans, cultivated in GermanyScotland, United Kingdom
soybeans cultivated in Germanyand Romanig

chickpeas cultivated in Spainand Bulgarig and,

=A =2 =4 =4 =4

lupin, cultivated in Germany

Managementvalues for eans,peas,soybean andupine inBayern,Germanywere generatedising
datafrom the Ministry of Agriculture in Bavari@fL, 2020)Inputs anddry yieldsfor peas and
soybeansfor BadenWirttemberg in Germanyalculated usingdata from the Ministry of
Agriculturefor that region (LEL, 2020)nformation for soybean and common bean in Sud
Muntenia, Romaniafavabeans in Calabria, Italgnd peas from East Scotlandas obtained from
Recklinget al. (2016) Datafor the cultivation ofpeas and beans from United Kingdom was

calculated from the data oRedman(2018)
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See summary presented in leaflet, contained in Appentiand associated D5.3 repo@pen

Access Database

The leaflet will beissued to communicate interim attributional LCA results to key stakeholders in
the TRUE project. Ongoing research is incorporating rotation effects such as nitrogen-oaamyto
following crops and nutritional output from rotations intd. @ECAdf-< A méthddology. This will
generate new footprint resultsthat encompass morefully the impacts of legume cultivationIn
addition, consequential LCA of largecale rotation and diet transitions will be undertaken.
Nonetheless, existing results already indicage compelling sustainability case for expansion of

legume cultivation and consumption in Europe.

We are grateful to the following collaborators for the provision of data required to calculate
product footprints: Dr Beate Zimmermanrrdm University of Hohenheim; Dr Moritz Reckling from
the Leibniz Centre for Agricultural Landscape Research, Germany; Variva Food, Bulgaria; Dr

Eleonora Barilli Solintagro S.A.S. Spain; and Kirsty Black, Manager of Arbikie Distillery, Scotland.
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10.Available (Accessed March 2020)

Government ofestern Australia (2018)upin essential¥'growing a successful lupin crop |
Agriculture and Fogdep. Prim. Ind. Reg. Déwailable at:
https://www.agric.wa.gov.au/lupins/lupinessentials%E2%80%93%rowing-successfu

lupin-crop (Accessed March 2020).
GreenDelta (2006ppenLCA, professional Life Cycle Assessment (LCA) and footprint software

IFASTAT (2020)ternational Fertilizer AssociatioAvailable at:

https://www.ifastat.org/databases/plantnutrition (Accessed March 2020)
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Available at: https://www.feedipedia.org/ (Accessed: 11 January 2019).
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Principles and framewotkSO, Geneva.

LEL (2020)EL- Informationen und Serviceangebote der Landesanstalt fir Landwirtschaft
Erndhrung und Landlichen Raum Schwabisch Gméndilable at:

https://lel.landwirtschaft-bw.de/pb/,Lde/Startseite (Accessed March 2020).

LfL (2020Bavarian State Research Center for Agriculture .(Aflgilable at:

https://www.Ifl.bayern.de/verschiedenea/en/index.php (Accessed March 2020).

Moreno-Ruiz, Eet al.(2018)Documentation of changes implemented in ecoinvent DataZ3ifich,
Switzerland.Available at:
https://www.ecoinvent.org/files/change_report v3 5 20180823.pdf (Accessed Marcvh

2020).

Nemecek, T. and Kagi, T. (20Q1e Cycle Inventories of Agricultural Production Systdbasa v2.0
(2007)Available athttps://db.ecoinvent.org/reports/15_Agriculture.pdf(Accessed Marcvh

2020).
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Porto Costa, MStyles, D.Williams, M., Saget, S., Zimmermann, B., Barilli, E., Blackekrack, U.,
Lohrich, N. Bienkowski, D., lannetta P.P.M. (20203gume database for Open Accef&.3
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Reckling, Met al.OT' P p B 6-Offs Beiv@er Economic and Environmental Impacts of Introducing
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7(MAY2016), p. 669. doi: 10.98pIs.2016.00669.
Redman, G. (2018phn Nix Pocketbooki9th edn. Agro Business Consultants Ltd.
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cycle assessment of biogas feedstock options on da@yJf E ®OB/Bioenergy(5), pp.

103451049. doi: 10.1111/gcbb.12189.
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Objective "TRansition paths to sUstainable legume based systems in Europe" (TRUE) is a practice-
research partnership of 24 institutions, which aims to identify the best routes, or “transition paths” to
increase sustainable legume cultivation and consumption across Europe. Just 2% of European
farmland is planted with legumes; integrating legumes into cropping systems and pastures could help to
make farming more sustainable. This leaflet summarises research that shows why introducing legumes
into farm systems can be environmentally and economically beneficial, for farmers and wider

What is a legume? Legumes are plants that biologically fix nitrogen (N) from the air, reducing
our dependence on synthetic N fertilisers. Whilst such fertilisers have played a vital role in delivering
food security, they also contribute to N pollution that causes up to €320 billion of damages to the
environment and health across Europe annually*. Common legume crops include: peas, chickpeas,
field beans, fava beans, soybeans, lentils, lupines, red clover and white clover.

Benefits of legumes

v Reduce need for synthetic fertilizers v Improve soil quality
— for themselves & following crops v' Increase biodiversity
. : v’ Deliver nutritious food & feed
v
E;f:gopn?t Sedlsassecyrins i careal products (high in protein & fiber)

Environmental footprints represent the environmental impact arising from the production of food
& feeds, including on-farm emissions from soils and tractors as well as off-farm emissions from fertilizer
manufacture and downstream processing of commodities into food & feed (see diagram below). Legumes
such as peas require less fertiliser input than other crops, though do produce smaller yields than
cereals. Legumes also contribute substantially to soil N, reducing fertilizer inputs for other crops in the
rotation, but also contributing to emissions and nutrient leaching from soils. Overall, legumes can reduce
the environmental footprint of harvested crops, and derived food & feed products.

————

-
/’ Inputs Farm processes

C0,, NO, '

C0,, NO,

Visit: https://www.true-project.eu/

[ Contact: David Styles: david.styles@bangor.ac.uk; Marcela Porto Costa: marcela.costs@bangor.ac.uk ]
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Legume footprints
10.0 -
- W Legumes Protein ' Legumes Energy The graph to the left displays
ot 8.0 4 Cereals Protein Cereals Energy ca:ibon f°°tp”3t.s per.lélg protein
S 6.0 and per 0.1. G{ igestible energy
e contained in five legume crops and
3 4.0 I i I I three cereal crops. Footprints vary
o I fi it considerably depending on
e 20 management practices, and
E‘o 0.0 I I I l per kg of yield are similar between
w, : " . & " ” = - & Iegurr_1es and cereals. Howe\_/er,
o S & 5§ & & § 2 =H low inputs coupled with a high
= g ¢+ & £ 8 z & s nutritional density mean that
-~ 3 E 5 legumes deliver nutrition (protein
wn (@] & energy) at lower environmental
cost (smaller carbon footprint)
Legumes Cereals than cereals.
Data sources: Reckling et al. (2016)?, Ecoinvent v3.63, TRUE project*

Legume product footprints

Advances in food processing coupled with demand for healthy and sustainable products by both
business and consumers is driving innovative use of legumes in place of cereals. Researchers on the
TRUE project are calculating the environmental footprints of exciting new legume products.

The starch from peas can be used to produce alcohol, leaving protein-rich
coproducts that provide an excellent animal feed. Producing one liter of gin
from peas (pictured right) instead of wheat can avoid up to 4.2 kg CO.e of
greenhouse gas emissions that cause climate change (equivalent to driving 25
km). Pea gin has a smaller footprint than wheat gin across 12 of 14
environmental impacts studied>.

Peas can also substitute beef in meatballs, producing “protein balls” with a
per-serving carbon footprint 84% lower than for beef meatballs — whilst
also delivering more fiber and less fat. Meanwhile, producing pasta from
chickpeas rather than durum wheat increases the nutritional value of pasta,
and reduces the carbon footprint per unit of nutrition by 75%.

What’s the bottom line? Lower yields and lack of demand has constrained legume production across
Europe. However, the health & sustainability credentials of legumes are receiving more attention, creating
new opportunities for cultivating and marketing innovative legume products. In the context of depleted soils,
high dependence on polluting inputs and plateauing cereal yields, the introduction of legumes in to short
cycle rotations can reduce environmental impact, diversify farm outputs and enhance profitability. These
benefits become apparent when a broad perspective and medium time-horizon is applied.

References 1. Sutton, M. A, et al. Too much of a good thing. Nature 472, 159-161 (2011). 2. Reckling, M. et al. A cropping system assessment
framework—Evaluating effects of introducing legumes into crop rotations. Eur. J. Agron. 76, 186-197 (2016). 3. Wernet, G. et al. The ecoinvent
database version 3 (part |): overview and methodology. Int. J. Life Cycle Assess. 21, 1218-1230 (2016). 4. Leinhardt, T. et al. Just the tonic!
Legume biorefining for alcohol has the potential to reduce Europe’s protein deficit and mitigate climate change. Environ. Int. 130, 104870.

Contact: David Styles: david.styles@bangor.ac.uk; Marcela Porto Costa: marcela.costs@bangor.ac.uk
Visit: https://www.true-project.eu/
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203#AK H=JKH=; LAN= AK L@9L L@= K; A=FLA>A; CFGOI
supported systems exist, but that practical emnovation to realise transition paths have yet to be

achieved. TRUE presents 9 Work Packagde)\supported by alntercontinental Scientific Advisory

Board Collectively, these elements present a strategic and gentlafanced workplan through

O@RA; @ L@= JGD= G> tHdee PilMIE of Kustdinabil@=LF=NIAE) AGREAEIREF IGE A ; KB

9 F KGI Amdy Qdbest resolved TRUE realises a genuine mu#ictor approach, the basis for

which are threeRegional ClusterE 9 F9? =< )@ G®DDp<®F #P; @9F?= 9F< |
University of Hohenheim, Germany), that span the maindpeclimatic regions of Europe,

designated here asContinenta] Mediterraneanand Atlantic, and facilitate the alignment of
KL9C=@GD<=JKA CFGOD=<?= 9;JGKK 9 KMAL= G> TF I
partners within WPs # ; GE H CaAK&\M < ArddfpBrating the project database andata

Management Plad /]l ML J ALAGF 9F< . G&HMxJILA ="L=KN =90FGHHese3aekBME = J K.
led by the Agricultural University of Athens (Greece), Universidade Catolica Portuguesa (Portugal)

and the Irstitute for Food Studies & Agrtmdustrial Development (Denmark), respectively. This
combination of reflective dialogue (WP1), and novel leguiased approaches (WP2) will supplies
@AL@=JLG MFH9J 9 D Dsaskmability<VePk A K 57Lf|# F S A J GE GFIGE A; KB
9F< GDA; Q 9 F < Thege Hre l@d-b9 §reenhByse gas specialists at Trinity College Dublin

(Ireland; in close partnership with Life Cycle Analysis specialists at Bangor University, UK),

1; GLD9F<AK 0 MJ 9 D partné@dbip =with= Uni@iify of; HbleKheim), and the
Environmental and Social Science Research Group (Hungary), in association with Coventry
University, UK), respectively. Thegllar WPsise progressive statistical, mathematical and policy

modelling approahes to characterise current legume supported systems and identify those
management strategies which may achieve sustainable state&ey featurés that TRUE will identify

key Sustainable Development Indicato¢SDIs) for legumeupported systems, and ttesholds (or

goals) to which each SDI should aim. Data from tbandation WP$1-4), to and between théillar

WPs(5p 6 /71 OADD : = 23RGRNEA GhEnaghiket@hiBydapproachesd.g.

Knowledge Discovery in Databajyeallied with DEX(Decision Expertmethodology to enable the

mapping of existing knowledge and experiences. -Galination is managed by a team of highly
experienced senior staff and project managers based in The Agroecology Group, @r8up of

Ecological Sciences whin The James Hutton Institute.
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Work-packagestructure

The fow of information and knowledge in TRUE, frothe definition of the 24 case studies (left),

guantification of sustainability (centre) and synthesis and decision support (right).
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