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Welcome to the LCA Food 2024 conference
in Barcelona, Spain!

On behalf of the Local Organising Committee and the Scientific Committee | very
warmly welcome you to the 14th edition of the LCA Food international conference,
held from 8 — 12 September 2024 in Barcelona, Spain.

The LCA Food conference series is pioneering discussions and exchange on sustainability in
food systems since the mid 90’s and takes place biennially, alternating between Europe and other
continents. Over the three decades of its history, the conference has become the world’s leading forum
on the topic of sustainable food production and consumption. It unites hundreds of environmental
professionals from all over the world representing multiple sectors including academia, business,
public policy, and NGOs to share and advance the science and practice of assessing and improving
the sustainability of food production and consumption using LCA and related tools.

Whether you are an expert or just beginning your journey into this field, as a participant you will find
yourself surrounded by many colleagues who are also enthusiastic about measuring and improving
the sustainability of food systems. The conference programme will provide a variety of formats and
subjects to find inspiration, share and learn, maintain and expand your network, get to know the
local host institution IRTA, and of course enjoy the many sights and experiences the beautiful city
of Barcelona has to offer: modernist architecture, vibrant neighbourhoods, vivid culture, sea and
beaches, and of course, a rich and renowned gastronomy.
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With its 14th iteration, the LCA Food 2024 conference sets a new record, with more than 450 attendees
from 36 countries worldwide. Yet another sign how LCA and its application to agri-food systems is
thriving, undergoing constant methodological development, serving as the scientific foundation for
public policies and business development strategies towards a fairer and more sustainable food
supply and economy. It evidences that the LCA Food community is growing, in line with its social,
political, and industrial relevance and impact. As in previous editions, the attendee profile is mostly
scientific and from public organisations (50% of registrants), 30% are students, and the remaining
20% come from the private sector. 92% are from OECD countries, whereas only 8% are from non-
OECD countries, a lower percentage than in the two editions before, which were held in a fully hybrid
format in 2022 and fully virtual, due to the COVID pandemic, in 2020, where non-OECD countries
represented 12% and 14 % of registrants, respectively.

This year, due to limited demand for remote participation, we opted for a purely physical meeting
at the beautiful historic University of Barcelona, a symbol of science and education in the city. The
conference is structured around three days of sessions (September 9 — 11), complemented by a pre-
conference day of special sessions (September 8) and a post-conference day of visits to three IRTA
research centres specializing in a diverse array of R&D activities, including aquaculture, regenerative
farming practices to recover soil health and biodiversity, or developing a new, high-tech generation of
circular dairy cattle farms using precision feeding and digitalisation (September 12).

Over the three-day conference, there will be 38 session blocks. These blocks are distributed across
six plenary sessions and four parallel session tracks, dedicated to traditional conference topics, such
as the presentation and discussion of methodological advances in LCIA for assessing food systems,
and the LCA application to cropping and livestock systems. Emerging and rapidly growing topics
include nutritional LCA, grading-based ecolabelling, the territorial perspective, or the environmental
and social assessment of novel foods and alternative protein sources. Besides, two of the plenary
sessions are key notes deliberately chosen from outside the LCA field but highly related to it. We want
these sessions to inspire on subjects like soil health and net-positive tipping points towards global
sustainability. Additionally, the conference will feature more than 200 posters displayed throughout
the three days, with multiple poster sessions programmed to facilitate peer-to-peer communication,
networking, and foster exchange and generation of new ideas.

Each edition of LCA Food is unique. This time, three aspects of the scientific programme stand out.
First, we wanted to give a special focus to the business sector and address its main challenges and
strategies. We thus included session blocks for companies in the programme to explain their uses
of LCA and collaborations with academia that delivered change or acceleration in their transition
towards sustainability. Second, two plenary sessions are roundtable discussions, one of them gathers
the experience and future lookout from internationally renowned companies, the other explores the
future of agriculture amid geopolitical tensions, climate challenges, and the need for innovation with
a complex systems approach to achieve social and ecological outcomes. And third, there will be five



14™ LCA FOOD 2024 - International Conference

topical discussion sessions designed to tackle critical, controversial, and timely topics, with everyone
in the room invited to contribute.

Additionally, to honour this year’s conference motto, “Healthy food systems for a healthy planet”, we
are proud to offer attendees a healthy and rich Mediterranean gastronomic experience, both during
the conference and the gala dinner, consisting mainly of non-animal and low-footprint foods, and
local and organic fruits, all served with reusable dishes and cutlery. Please, make sure to bring the
reusable coffee cup included in your conference package with you at all times for your drinks.

Taking advantage of Barcelona’s rich historical, cultural, and gastronomical heritage, the social
programme includes an exhibition of the iconic human tower (castells), and impressive and emotive
symbol of collaboration and part of the UNESCO List of Intangible Cultural Heritage of Humanity; also,
a tasting of different olive oils, an emblematic ingredient of Spanish cuisine, and many other surprises!

On behalf of the Local Organising Committee, | would like to sincerely thank all authors for their
presentations, posters, and discussion sessions. | am very thankful to the 22 international Scientific
Committee members and 8 Local Organising Committee members for their time reviewing abstracts,
selecting oral presentations, moderating sessions during the conference, and helping to shape the
entire LCA Food 2024 experience. Of course, we are also deeply grateful to our sponsors for partnering
with us, helping to make the most of our conference in Barcelona. Finally, | want to extend my deepest
gratitude to all my colleagues at IRTA who supported us with their essential contribution to the 14th
LCA Food conference.

May your experience during the 14th

LCA Food conference be inspiring
and unforgettable!

Montse Nufez,
conference chair




iBienvenidos y bienvenidas al congreso
LCA Food 2024 en Barcelona, Espana!

En nombre del Comité Local Organizadory del Comité Cientifico, te doy una
calurosa bienvenida a la 14° edicion del congreso internacional LCA Food, que se
celebrara del 8 al 12 de septiembre de 2024 en Barcelona, Espaiia.

La serie de congresos LCA Food es pionera en los debates e intercambios sobre la sostenibilidad
de los sistemas alimentarios desde mediados de los noventa y tiene lugar cada dos afios, alternando
entre Europa y otros continentes. A lo largo de sus tres décadas de historia, el congreso se ha
convertido en el foro lider mundial sobre la produccién y el consumo de alimentos sostenibles. Reune
cientos de profesionales del medio ambiente de todo el mundo que representan multiples sectores,
incluyendo la academia, las empresas, las instituciones publicas y las ONG. El objetivo es compartir
y avanzar en la ciencia y la préactica de evaluar y mejorar la sostenibilidad de la produccion vy el
consumo de alimentos utilizando el ACV (Analisis de Ciclo de Vida, en inglés Life Cycle Assessment,
LCA) y otras herramientas relacionadas.

Tanto si eres experto como si acabas de iniciar tu camino en este campo, como participante te
encontraras rodeado de numerosos colegas que también sienten pasion por medir y mejorar la
sostenibilidad de los sistemas alimentarios. El programa del congreso ofrecera variedad de formatos
y temas para encontrar inspiracion, compartir y aprender, mantener y ampliar tu red de contactos,
conocer la institucion anfitriona local, el IRTA y, por supuesto, disfrutar de los numerosos lugares de
interés y experiencias que ofrece la hermosa ciudad de Barcelona: arquitectura modernista, barrios
vibrantes, una cultura viva, el mar y las playas, y, por supuesto, una gastronomia rica y reconocida.
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Con su 142 edicion, el congreso LCA Food 2024 establece un nuevo récord, con mas de 450
asistentes procedentes de 36 paises de todo el mundo. Esto es otro indicio de que el ACV aplicado a
los sistemas agroalimentarios goza de muy buena salud, esta en constante desarrollo metodoldgico,
sirviendo de base cientifica para las politicas publicas y las estrategias de desarrollo empresarial
orientadas hacia una produccion de alimento y economia mas justas y sostenibles. EI gran numero
de inscritos evidencia que la comunidad ACV dedicada al estudio de los sistemas alimentarios
esta creciendo, en consonancia con su relevancia e impacto social, politico e industrial. El perfil del
asistente es, como en las ediciones anteriores, eminentemente cientifico y de organismos publicos
(50% de los inscritos); un 30% son estudiantes, y el 20% restante procede del sector privado. En
cuanto a su procedencia, un 92% de los participantes son de paises de la OCDE y solo el 8% son
de paises no OCDE, un porcentaje inferior al de las dos ediciones anteriores, celebradas en formato
hibrido en 2022 y completamente virtual, debido a la pandemia de COVID, en 2020, donde los paises
no pertenecientes a la OCDE representaron el 12% y 14% de los inscritos, respectivamente.

Este ano, debido a la limitada demanda de participacion remota, hemos optado por una reunion
puramente presencial en una preciosa sede histoérica, la Universidad de Barcelona, emblema de la
ciencia y la educacion de la ciudad. El congreso se estructura en torno a tres dias de sesiones (9 —
11 de septiembre), complementados con un dia previo de sesiones especiales, el 8 de septiembre.
Ademas, el dia 12 de septiembre se haran visitas a tres centros del IRTA especializados en actividades
de I+D tan dispares como la acuicultura, las practicas agricolas regenerativas para recuperar la salud
de suelo y la biodiversidad, o el desarrollo de una nueva generacion de granjas de vacas lecheras
circular y de alta tecnologia que utilizan la alimentacion de precision y la digitalizacion.

Durante los tres dias de congreso habra 38 bloques de sesiones. Estos bloques estan distribuidos
en seis sesiones plenarias y cuatro pistas de sesiones paralelas destinadas a temas ya tradicionales
en el congreso, como la presentacion y discusion de avances metodoldgicos en ACV para evaluar
sistemas agroalimentarios, y como la aplicacion del ACV al estudio de sistemas ganaderos y agricolas.
Los temas emergentes y de rapido crecimiento incluyen el ACV nutricional, el eco-etiquetado basado
en rangos, la perspectiva territorial o la evaluacion de la sostenibilidad de nuevos alimentos y de
fuentes alternativas a la proteina animal. Por su lado, dos de las sesiones plenarias son conferencias
magistrales elegidas expresamente por ser externas al ACV pero altamente relacionadas con este
campo de estudio. Queremos que estas sesiones inspiren con referencia a la salud del suelo y
los llamados tipping points, puntos de inflexion positivos hacia la sostenibilidad global. Ademas,
el congreso contara con mas de 200 posteres expuestos los tres dias y con multiples sesiones de
posteres para facilitar la comunicacion entre expertos, ampliar la red de contactos y fomentar el
intercambio y la generacion de nuevas ideas.

Cada edicion del LCA Food es unica. Esta vez, destacan tres aspectos del programa cientifico.
Primero, hemos querido dar un enfoque especial en el sector empresarial y abordar sus principales
retos y estrategias. Por ello, el programa incluye blogues de sesiones para que las empresas
expliquen sus usos del ACV vy las colaboraciones cientificas que les hayan aportado cambios o
aceleracion en su transicion hacia la sostenibilidad. En segundo lugar, dos sesiones plenarias son
mesas redondas de discusion, una de ellas recoge la experiencia y vision de futuro de empresas de
referencia internacional, mientras que la otra explora el futuro de la agricultura en medio de tensiones
geopoliticas, desafios climaticos y la necesidad de innovar con un enfoque de sistemas complejos
para lograr resultados sociales y ecolégicos. Y tercero, habréa cinco sesiones de discusion destinadas
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a tratar temas criticos, controvertidos y de candente actualidad, en las que todos los presentes en la
sala estaran invitados a contribuir.

Ademas, para honrar el lema del congreso de este ano, “Sistemas alimentarios saludables para
un planeta sano”, estamos orgullosos de ofrecer a los asistentes una rica y saludable experiencia
gastronodmica mediterranea, tanto durante el congreso como en la cena de gala. Principalmente
incluird alimentos de origen no animal, de baja huella ambiental, y frutas locales y ecoldgicas; todo
ello servido con vajilla y cubiertos reutilizables. Por favor, asegurate de llevar siempre contigo la taza
de café reutilizable, incluida en tu paquete del congreso, para tomar tus bebidas.

Aprovechando el abundante patrimonio histérico, cultural y gastronémico de Barcelona, el programa
social incluye una exhibicion de la icdnica torre humana (castells), un impresionante y emotivo simbolo
de colaboracion, considerado Patrimonio Cultural Inmaterial de la Humanidad por la UNESCO;
también, una degustacion de diferentes aceites de oliva, ingrediente embleméatico de la cocina
espafiola, jy otras sorpresas mas!

En nombre del Comité Local Organizador, quiero agradecer sinceramente a todos los autores y
autoras por sus presentaciones, posteres, y sesiones de discusion. Estoy muy agradecida a los 22
miembros del Comité Cientifico internacional y a los ocho miembros del Comité Local Organizador
por el tiempo dedicado a revisar l0s resumenes, seleccionar las presentaciones orales, moderar las
sesiones durante la conferencia y por su ayuda en dar forma a la experiencia LCA Food 2024. Por
supuesto, también estamos profundamente agradecidos a nuestros patrocinadores por asociarse con
nosotros, ayudandonos a sacar el maximo provecho de nuestro congreso en Barcelona. Finalmente,
quiero extender mi mas sincero agradecimiento a todos mis colegas de IRTA por su contribucion
esencial a la 14% edicion de la conferencia LCA Food 2024.

iEspero que tengais una experiencia
inspiradora e inolvidable durante la

14° edicion del LCA Food!

Montse Nufiez,
presidenta del congreso
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Benvingudes i benvinguts al congrés
LCA Food 2024 a Barcelona, Espanyal!

En nom del Comite Local Organitzador i del Comite Cientific, us dono una calida
benvinguda a la 14a edicid del congrés internacional LCA Food, que se celebrara
del 8 al 12 de setembre de 2024 a Barcelona, Espanya.

La série de congressos LCA Food és pionera en els debats i intercanvis sobre la sostenibilitat dels
sistemes alimentaris des de mitjans dels anys noranta i té lloc cada dos anys, alternant entre Europa i
altres continents. Al llarg de les seves tres decades d’historia, el congrés s’ha convertit en el forum lider
mundial sobre la produccio i el consum d’aliments sostenibles. Reuneix centenars de professionals del
medi ambient de tot el mén que representen multiples sectors, incloent-hi I'académia, les empreses,
les institucions publiques i les ONG. L’objectiu és compartir i avancar en la ciencia i la practica
d’avaluar i millorar la sostenibilitat de la produccio¢ i el consum d’aliments utilitzant 'ACV (Analisi de
Cicle de Vida, en anglés Life Cycle Assessment, LCA) i altres eines relacionades.

Tant si sou expert com si acabeu d'iniciar el vostre cami en aquest camp, com a participant us trobareu
envoltats de nombrosos col-legues que també senten passio per mesurar i millorar la sostenibilitat
dels sistemes alimentaris. EI programa del congrés oferira varietat de formats i temes per trobar
inspiracio, compartir i aprendre, mantenir i ampliar la vostra xarxa de contactes, coneixer la institucio
amfitriona local, I'IRTA i, per descomptat, gaudir dels nombrosos llocs d’interés i experiencies que
ofereix la preciosa ciutat de Barcelona: arquitectura modernista, barris vibrants, una cultura viva, el
mar i les platges, i, per descomptat, una gastronomia rica i reconeguda.

Amb la seva 14a edicio, el congrés LCA Food 2024 estableix un nou record, amb més de 450 assistents
procedents de 36 paisos de tot el mon. Aixd é€s una altra indicacio que I'’ACV aplicat als sistemes
agroalimentaris gaudeix de molt bona salut, esta en constant desenvolupament metodologic, servint
de base cientifica per a les politiques publiques i les estrateégies de desenvolupament empresarial
orientades cap a una produccié daliment i economia meés justes i sostenibles. EI gran nombre
d’inscrits evidencia que la comunitat ACV dedicada a I'estudi dels sistemes alimentaris esta creixent,
en consonancia amb la seva rellevancia i impacte social, politic i industrial. El perfil de I'assistent és,
com en les edicions anteriors, eminentment cientific i d’'organismes publics (50% dels inscrits); un
30% son estudiants, i el 20% restant procedeix del sector privat. Pel que fa a la seva procedéncia, un
92% dels participants son de paisos de 'OCDE i només el 8% son de paisos no OCDE, un percentatge
inferior al de les dues edicions anteriors, celebrades en format hibrid el 2022 i completament virtual, a
causa de la pandémia de la COVID, el 2020, on els paisos no pertanyents a 'OCDE van representar
el 12% i 14% dels inscrits, respectivament.

Aquest any, a causa de la limitada demanda de participacié remota, hem optat per una reunié
purament presencial en una bonica seu historica, la Universitat de Barcelona, emblema de la ciencia
i 'educacio a la ciutat. El congrés s’estructura al voltant de tres dies de sessions (9 — 11 de setembre),



complementats amb un dia previ de sessions especials,
el 8 de setembre. Aixi mateix, el dia 12 de setembre
es faran visites a tres centres de I'lRTA especialitzats
en activitats de R+D tan dispars com l'aquicultura, les
practiques agricoles regeneratives per recuperar la
salut del sol i la biodiversitat, o el desenvolupament
d’'una nova generacio de granges de vaques lleteres
circulars i d’alta tecnologia que utilitzen I'alimentacio de
precisio i la digitalitzacio.

Durant els tres dies de congrés hi haura 38 blocs de
sessions. Aquests blocs es distribuiran en sis sessions
plenaries i quatre pistes de sessions paral-leles
destinades a temes ja tradicionals al congres, com
la presentacid i discussié d’avancos metodologics
en ACV per avaluar sistemes agroalimentaris, i com
I'aplicacié de 'ACV a I'estudi de sistemes ramaders i
agricoles. Els temes emergents i de rapid creixement
inclouen I'ACV nutricional, l'eco-etiquetatge basat
en rangs, la perspectiva territorial o I'avaluacio de la
sostenibilitat de nous aliments i de fonts alternatives
a la proteina animal. Per la seva banda, dues de les
sessions plenaries, son conferencies magistrals
escollides expressament per ser externes a I'ACV perod
altament relacionades amb aquest camp d’estudi.
Volem que aquestes sessions inspirin amb referencia
a la salut del sol i els anomenats tipping points, punts
d’inflexié positius cap a la sostenibilitat global. A més,
el congrés comptara amb més de 200 posters exposats
tots tres dies i amb mudltiples sessions de posters per
facilitar la comunicacioé entre experts, ampliar la xarxa
de contactes i fomentar l'intercanvi i la generacié de
noves idees.

Cada edici6 de 'LCA Food és uUnica. Aquesta vegada,
destaquen tres aspectes del programa cientific.
Primer, hem volgut donar un enfocament especial al
sector empresarial i abordar els seus principals reptes
i estrategies. Per aix0, el programa inclou blocs de
sessions perque les empreses expliquin els seus usos
de 'ACV i les col-laboracions cientifiques que els han
aportat canvis 0 acceleracio en la seva transicié cap a
la sostenibilitat. En segon lloc, dues sessions plenaries
son taules rodones de discussio, una de les quals recull
I'experiéncia i visié de futur d’empreses de referéncia
internacional, mentre que l'altra explora el futur de
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I'agricultura enmig de tensions geopolitiques, reptes
climatics i la necessitat d'innovar amb un enfocament
de sistemes complexos per assolir resultats socials |
ecologics. | tercer, hi haura cinc sessions de discussio
destinades a tractar temes critics, controvertits i de
candent actualitat, en qué tots els presents a la sala
estaran convidats a contribuir.

A més, per honrar el lema del congrés d’aquest any,
“Sistemes alimentaris saludables per a un planeta
sa”, estem orgullosos d’oferir als assistents una rica |
saludable experiencia gastronoOmica mediterrania, tant
durant el congrés com al sopar de gala. Principalment,
incloura aliments d’origen no animal, de baixa empremta
ambiental, i fruites locals i ecologiques; tot plegat
servit amb vaixella i coberts reutilitzables. Si us plau,
assegureu-vos de portar sempre a sobre la tassa de café
reutilitzable, inclosa en el vostre paquet del congrés, per
prendre les vostres begudes.

Aprofitant I'abundant patrimoni historic, cultural i
gastronomic de Barcelona, el programa social inclou una
exhibici6 dels iconics castells, un impressionant i emotiu
simbol de collaboracié considerat Patrimoni Cultural
Immaterial de la Humanitat per la UNESCO; també, una
degustacié de diferentsolisd’oliva, ingredientemblematic
de la cuina espanyola, i moltes altres sorpreses!

En nom del Comité Local Organitzador, vull agrair
sincerament a tots els autors i autores les seves
presentacions, posters i sessions de discussio. Estic
molt agraida als 22 membres del Comité Cientific
internacional i als vuit membres del Comité Local
Organitzador pel temps dedicat a revisar els resums,
seleccionar les presentacions orals, moderar les sessions
durant el congrés i per la seva ajuda a donar forma a
I'experiencia LCA Food 2024. Per descomptat, també
estem profundament agraits als nostres patrocinadors
per associar-se amb nosaltres, ajudant-nos a treure el
maxim profit del nostre congrés a Barcelona. Finalment,
vull estendre el meu més sincer agraiment a tots els meus
col-legues d'IRTA per la seva contribucio essencial a la
14a edici6 de la conferencia LCA Food 2024.

Desitjo que tingueu una
experiéncia inspiradora
i inoblidable durant la
14a edicio de I'LCA Food!

Montse Nufez,
presidenta del congreso
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Why host the

[ s |

Spain is, along with other nearby countries, the cradle of the Mediterranean diet, which is usually
considered one of the best in the world. Based on fruit, vegetables, healthy fats, pulses, and lean
meat and incorporating specific cooking methods, it has a positive impact on human health and
the planet compared to prevailing Westernised diets. Spain is also Europe’s orchard, being one of
the largest producers of fruits and vegetables for export, which indicates the strategic importance

of the agricultural sector for the economic, territorial, social, and environmental development of the
country.

Nevertheless, current food consumption and production trends in Spain need improvement:
many Spaniards have turned their back on the Mediterranean diet and eat more than they should.
Moreover, intensive crop and livestock production has led to many unresolved environmental and
social impacts that need to be addressed urgently.

The LCA food community in Spain is mature, large, and always growing. We use LCA to address
the challenges of our food systems and contribute to improve the method to better represent
critical aspects in the country, including but not limited to water scarcity, soil quality, and nutrient
pollution.

So, we hope to see you in Spain to help us celebrate this 14th edition of the LCA Food conference.
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The University of Barcelona is a Spanish public university based in the city of Barcelona. Its
faculties are currently distributed in Barcelona and the surrounding area.

The University of Barcelona Library, with 1,611,721 volumes, is the second largest university library
in Spain after the Complutense University Library in Madrid.

It is the university with the largest higher education space in Catalonia, and is a leader in terms of
student numbers, teaching, research and innovation.

First Floor

Posters

191504
191504

'y " Posters

Auditorium
Paranimf

L stairs

7s
[#] elevator

## restrooms

Historic Building of the University of Barcelona,

Address:
Gran Via de les Corts Catalanes 585, 08007 Barcelona.

The 14th LCA Food 2024 will be held in the historic building of the University of Barcelona, conveniently
located in the heart of the city. It is well connected to both the Barcelona Sants international train
station and to the Josep Tarradellas Barcelona airport by public transportation.
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Healthy food
systems for a

healthy

Across the world, there has been a change away from traditional diets, characterised by high
consumption of seasonal and local plant-based foods, grains, and fruits, towards a homogeneous,
global diet made of processed foods high in calories, sugar, and animal fat, and sedentary lifestyles.
This “nutrition transition” is highly relevant because modern diets have been related to negative effects
on the health of people and the planet. Particularly, overconsumption of unhealthy food options has
led to an increase in chronic, non-communicable diseases and obesity, even in children. Furthermore,
overconsuming food requires producing more of it, resulting in significant environmental and social
impacts as well as a large amount of food lost and wasted before it reaches consumers. Also, as
the global diet Westernises, concern for the world’s food security and sovereignty is growing. In this
context, it is essential to take action at all levels to further transform food systems to more sustainable
and healthier systems, while simultaneously respecting local eating tradition and culture.

Life cycle sustainability assessment (LCSA = LCA + Life Cycle Costing + Social LCA)is an approach that
applies systems thinking, identifying all processes along value chains that matter from environmental,
social, and economic perspectives. It is a powerful tool to critically measure the sustainability of
current food systems and help them improve their ability to build a healthy planet, in which food
systems are a source of health for people and a guarantee of a future planet Earth for all.
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Organizing Committee

Montse Ninez,
conference chair, IRTA

Researcher at IRTA's Sustainability in Biosystems Research
Program and Ramony Cajal fellow. Montse's research focuses
on furthering quantitative environmental footprint methods and
on applying life cycle-based approaches to evaluate and improve
the sustainability of agri-food systems along their value chains.

Alba Bala,
UNESCO Chair in Life Cycle
and Climate Change ESCI-UPF

Executive Director of the UNESCO Chair in Life Cycle and Climate
Change at ESCI-UPF and Academic Director and lecturer for the
Master’s Degree in Sustainability Management, a collaborative
program between ESCI-UPF and BSM-UPF. Her expertise lies in
Life Cycle Assessment, Eco-design, and Circular Economy. Alba
is currently focusing on integrating various life cycle approach
methodologies to conduct comprehensive Sustainability
Assessments.

Marta Ruiz-Colmenero,
IRTA

Researcher at IRTA's Sustainability in Biosystems Research
Program since 2020. Marta is an expert in the application of LCA to
food products and agrosystems.

She is interested in quantifying and improving the environmental
impact of agricultural management practices.

Almudena Hospido,
Universidad de Santiago de

Compostela
Professor at the Department of Chemical Engineering of the
Universidade de Santiago de Compostela. Member of the

Environmental Biotechnology Group and the Centre for cross-
Research in EnvironmentalTechnologies- CRETUS. More than
20vyears of experience in the development and application of
life cycle based tools for decision-making support in several
productive sectors

Ralph K. Rosenbaum,
IRTA

Head of IRTA's Sustainability in Biosystems Research Program
and researcher focusing on practical decision supportvia LCA
and methodological improvement of quantitative methods for
environmental sustainability assessment.

Neus Sanjuan,

Institute of Food Engineering —
FoodUPV. Universitat Politécnica
de Valéncia

Professor of FoodTechnology. Neus is responsible for the research
line “Assessment of environmental footprint and Sustainability of
agri-food systems; where they delve into methodological aspects
derived from the application of LCA to those systems, aswell as
multicriteria methodologies for inability

Saioa Ramos,

AZTI, Food Research, Basque
Research and Technology
Alliance (BRTA)

Saioa has experience in the application of the Environmental
Footprint in the food sector to identify potential improvement
stretagies and reduce environmental impacts. Her work is

also focused on the development of ad-hoc multicriteria tools
for the implementation, calculation, verification and effective
communication of the environmental footprint of food products.

Mariluz Latorre

University of Barcelona

Associate professor in the Department of Nutrition, Food Science
and Gastronomy. Food and NutritionTorribera Campus. University
of Barcelona.

She belongs to the consolidated research group “Food Bioactive
Compounds”Her research mainly focuses on the study of
bioactive amines in food. In recentyears, she has also been
dedicated to study new strategies to improve the safety and
quality of fermented products through the revalorization of
vegetable by-products of the food industry.

CarmenVidal-Carou,
University of Barcelona

Prof. Dr. M. Carmen Vidal Carou leads the consolidated research
group “Food Bioactive Compounds.’ She has an extensive experience
in the study of bioactive compounds in food and its effects on

health, food quality and food safety. Her current focus is the reuse

of plant by-products from the agri-food industry for safer and more
environmentally friendly foods. She develops methodologies to
integrate nutritional parameters into the assessment of environmental
impacts along food value chains and is actively engaged in social
studies on food knowledge and perceptions.
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Scientific Committee

Name Affiliation Country
Cécile Bessou CIRAD France
Clea Figueiredo Embrapa Brazil
Michael Corson INRAE France
Ulrike Eberle corsus-corporate sustainability GmbH Germany
Shabbir H. Gheewala Joint Graduate School of Energy and Environment ~ Thailand
Kiotada Hayashi EarthShift Global, Asia G.K. Japan
Nicholas Holden University College Dublin Ireland
Niels Jungbluth ESU-services Ltd Switzerland
Sergiy Smetana DIL Germany

Sarah MclLaren

Massey University

New Zealand

Corina van Middelaar

Wageningen University

Netherlands

Lloreng Mila i Canals UNEP

Rattanawan Tam Mungkong Kasetsart University Thailand
Thomas Nemecek Agroscope Switzerland
Bruno Notarnicola University of Bari Aldo Moro Iltaly
Montserrat Nufiez IRTA Spain

Brad Ridoutt CSIRO Australia

Laura Scherer

CML, Leiden University

Netherlands

Hanna Tuomisto

University of Helsinki

Finland

Greg Thoma University of Arkansas United States
lan Vazquez Rowe Pontifical Catholic University of Peru Peru

Bo Weidema 2. -0 LCA Consultants Denmark
Edmundo Mufoz Andres Bello National University Chile




Plenary speakers

Louise 0. Fresco
Louise 0. Fresco, as President of Wageningen University &
Research (WUR) since 1 July 2014+ill 1 July 2022, received
the Norman E. Borlaug Medallion in June 2022 for outstanding
contributions to life sciences research and global food security.
Her leadership strengthened WUR's societal impact and public
R ized for i efforts,

she earned honorary doctorates from the University of Liege
and KU Leuven in 2017. Frescowas honored with the Comenius
Prize in 2014 for promoting scientific awareness. In 2009, she
spoke at theTED Conference, and in 2008, she received the

Award for signifi ibutions to the nature and
landscape debate.

J. DavidTabara

Dr. J. DavidTabara is an independent social scientistwith 30 years’
experience in international interdisciplinary research on i
development. He is a member of the Earth Commission Working
Group onTransformations of the Global Commons Alliance, and

an Associated Researcher to the Global Climate Forum in Berlin
(created by climate Nobel Prize Klaus Hasselmann) and to the
Autonomous University of Barcelona. He has published extensively
(over 100 scientific publications) on methods for social-environmental
knowledge integration, social learning, and public participation for
sustainability. He has been involved in many EU research projects on
transformative science and solutions to support sustainable climate
action. Recently, he was the Principal Investigator to the EU project
TIPPING+ on “Enabling PositiveTipping Points towards clean-energy
transitions in Coal and Carbon Intensive Regions” that involved over
20 cases studies in Europe and elsewhere. As a member of the Earth
Commission, he is a co-author of paper in the Lancet- Planetary
Health thatwill be published later this week on ‘a JustWorld on a Safe
Planet” led by Prof. Joyeeta Gupta of the University of Amsterdam.

Sarah Sim

Sarah Sim is the Environmental Sustainability Programme
Director in Unilever’s Safety and Environmental Assurance
Centre and Extraordinary Professor Corporate Environmental
Sustainability at Radboud University, Netherlands. She holds
an EngD in EnvironmentalTechnology: Sustainable Food Supply
chains. She has worked at the corporate-academic interface
for over 20years, gaining a deep understanding of business
needs and the pathway from research to application. She is

r ible for the p and ion of Unilever’s
environmental sustainability science strategy and for application
of this science to inform business decision-making across the
company’s Nutrition, Ice Cream, Beauty & Wellbeing, Personal
Care and Home Care product portfolios. Her main research
focus is on approaches to assess the environmental impacts

of ies, products and izations.These include life
cycle app hes, predictive and spatial ing, biodiversity
and ecosystem indicators.

Lisbeth Hernandez

Lisbeth Hernandez is a Sustainability Officer for 0SI Group in

all European markets. 0S| Group is one of the world's largest
privately held food manufacturers and supplies leading retail and
foodservice brands. 0SI's products include traditional proteins
such as beef patties and chicken nuggets, to sauces, and
plant-based proteins. Lisbeth is an Industrial Chemical Engineer
with a master’s in food technology from KU Leuven and UGent.
Her experience includes development of strategies to reduce
Scope 3 emissions in the supply chain of agricultural products,
calculation of life cycle assessments, and implementation of
measures to help farmers transition to a more sustainable
production.This intersects with helping farmers improve animal
welfare and achieving financially viable farms. But everything is
connected to the overarching goal of measuring the emissions of
all farmers in the supply chain and achieving a reduction of GHG
emissions in different farming systems.

Leo Bejarano
Leonardo Bejarano Manjon holds a Degree in Environmental
Sciences from the University of Girona, Spain. He has worked for
more than 20years for the Government of Catalonia (Generalitat
de Catalunya), first as a technician in the Department of the
Environment and the Department of Agriculture, Livestock,
J Fisheries, and Food and later in the General Directorate of
Environmental Policies and the Natural Environment of the
Department ofTerritory and Sustainability. Since March 2023, he
" has been the Head of the Catalan Office for Climate Change of the
” Department of Climate Action, Food, and Rural Agenda.

T
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Marta G. Rivera-Ferre is Research Professor at INGENIO (CSIC-
UPV), with a broad academic background inVeterinary Science,
Animal Production, Agricultural Economics and Sociology.

Her experience spans institutions in the UK, the Netherlands
and Spain, with a focus on agroecology and food systems. As
Director of the Chair of Agroecology and Food Systems at the
University of Vic-Central University of Catalonia, she explored the
interaction between agriculture, food, society and environment,
with a focus on climate change and food security. He has led UN
panels, participated in IPCC and IPBES, and coordinated reports
on sustainable food systems and the link between water, food,
energy and ecosystems. She also contributed to the UNWomen
CSWe6 report on gender equality and climate change.

\
Joan Romanya
Joan Romanya is Professorz soil science at the University of
Barcelona. He has experience working on plant-soil relationships
in natural and man-made ecosystems. Recently, he has
specialized in the management of soil organic matter for crop
production. His main research interests are i) optimizing the use
of local resources (organic waste, microbes and plants) to design
i g ii) identifying agricultural i
that promote the reserve of soil organic matter and plant growth
promoting organisms, iii) studying the relationships between soil
organic matter, soil-plant microbes and nutrient availability, and
iv) the relationships between soil quality and plant quality.

Paz Fentes

Deputy Director General of Herbaceous and Industrial Crops and
Olive 0il of the Ministry of Agriculture, Fisheries and Food.

MSc in Agricultural Engii ing from Universidad Politécnil

de Madrid. She began her career in the Union of Agricultural
Cooperatives of Madrid, in the olive grove sector. She has been
an official of the Ministry of Agriculture, Fisheries and Food since
2006, where she has carried out tasks related to the monitoring,
analysis and development of policies regarding to several sectors
(cereals, oilseeds, legumes, rice, fodder, sugar beet, cotton,

olive groves, etc.), as well as horizontal tasks related to the
environment, renewable energies or the common agricultural
policy and its successive reforms. Currently she holds the
position of Deputy Director General for arable and industrial
crops and olive oil.

N g
Joan Godia
Joan GodiaTresanchez is currently the General Director of
Agri-Food Companies, Quality, and Gastronomy in the Department
of Climate Action, Food, and Rural Agenda of the Government of
Catalonia (Generalitat de Catalunya). He previously held several
senior management and academic positions in various research
institutes and universities in Catalonia, including a role as

Deputy Director General of Industries and Agrifood Quality at the
Department of Agriculture, Fisheries, and Food of the Government
of Catalonia. Moreover, he is a member of the Governing Board

of the Catalan Council of Integrated Production (CCPI) and the
Catalan Council of Organic Production (CCPAE). In international
presentation, he has been a member of the board of directors of
the European Producers Association for Designations of Origin
(AREPO) and is currently a member of the European Association
of Fruit and Vegetable Producers (ARFLH). Additionally, he is a
member of the Catalan Food Council and the Food Safety Steering
Commission of Catalonia.

Isabelle Privat
elle Privat is the Head of “Plant & Nutrition” Department in
the nev Nestlé Institute of Agricultur
en part of Nestlé R&
s scientist cov

aging p
ed products.
i Genetics. She is deeply cony th
be improved right at the early stag
ue chain —in the field. Integrating sustainable production

improved functionality
great difference for the g

sting significantly to understand how those different criteria
can be quantified and it inth chain




Conference topics

Sustainable livestock systems
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Food loss and waste:
environmental impacts and
solutions

LCA and footprint studies
explained by companies

Circular food systems

Sustainable cropping systems

Innovations in food production
beyond the farm gate

Cocoa and olive oil: sustainability
assessments

Life cycle sustainability
assessment of food systems

Life cycle inventory: modelling,
databases and tools

Ecolabelling

Greenhouse gas accounting and
reporting

Combined nutritional and
environmental assessment of foods
and diets

Communication of LCA results and
integration of ESG criteria into
business

Novel foods and protein
diversification

Life cycle sustainability
assessment of food systems

Sustainable territories and
economies

Integration of agroecology and soil
health in LCA

Sustainability in fisheries and
aquaculture systems

Sustainability of food systems
in developing and emerging
economies

Life cycle impact assessment: new
developments



Topical discussion sessions

Bridging the environmental footprint data gap: enhancing collaboration
between users and creators of background databases

Opportunities from land use change assessments frameworks to unlock
supply chain interventions

Achieving alignment and transparency within the feed and food supply chain:
embracing the complexity of new developments in impact assessment and
modelling

Recommendations for sustainable nutrition in the political debate

Ecolabeling of food products is happening — the devil is in the details
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Special sessions (1)

Harmonized methods for cultivated meat LCA

Organizers:
Hanna Tuomisto

Tufts Gerald J. and Dorothy R.

Friec@man St:'huul of ‘
(University of Helsinki and the Natural Resources Institute Finland, Luke) Nutrition Science and Policy
and Nicole Tichenor Blackstone

(Tufts University)

Date and time: 12:00 - 17:00, 8th September
Location: University of Barcelona, meeting room “Ramoén y Cajal”
Zoom option: available

By invitation only. If you have worked or are actively working on cultivated meat LCAs and are interested in attending, please
emai: Ihanna.tuomisto@helsinki.fi to introduce yourself and be added to the participant list.

On-site attendance requires being registered at the Conference.

Description:

Wide variability in LCA results for cultivated meat underscores the need for standardized guidance to estimate its environmental
performance. Because of the nascency of the industry, practitioners face critical barriers in developing cultivated meat LCAs related
to data availability, as well as data and system representativeness. Additionally, the choice of comparison products, byproduct
handling, and boundaries of the analysis can significantly influence results, further underscoring the need for harmonized guidance.
The objectives of this workshop are to develop consensus guidance for LCA practitioners on developing and implementing cultivated
meat LCAs. This will become the core part of a short publication that interested participants will continue to co-author and submit in
the months after the workshop. Participants will be expected to pre-read materials (i.e., an initial proposal of harmonized guidance) in
advance of the workshop to make best use of the workshop time.

Preliminary agenda

e Introduction to the workshop and an introduction round of the participants
e Anoverview presentation of the published cultivated meat LCAs
e Discussion of the harmonization topics:
e Should some standard be followed (e.g. PEF)
¢ Methodological choices: system boundaries, FU, allocations, impact assessment methods, environmental impact
categories, uncertainty assessments, comparisons with livestock meat/plant-based foods/other products
e Data: medium ingredients, large-scale bioreactors, cell yields
e Results: presentation of the results (grouping or life cycle stages)
e Discussion: limitations
e Planning the journal paper writing process
e Discussion of other possible collaborations (e.g. creating a shared database, development of a tool for cultivated meat LCAs,
other ideas)
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Special sessions (2)

Harmonized methods for food loss and waste LCA

Organizers:

FOLOU & WASTELESS projects.

Joan Colodn, Nancy Pefia and Jorge Senan

(BETA Technological Center, University of Vic — Central University of Barcelona),
Ana Isabel Novo de Barros (University of Tras-os-Montes and Alto Douro) and
Sofia Reis (ISEKI-Food Association).

Date and time: 14:00 - 16:00, 8th September.

Location: University of Barcelona, room “Aula 112"

How to Attend: Limited physical attendance (90 people).

To register, please email folou@uvic.cat. This session is open to all registered conference attendees.

Description:

The mitigation of food waste (FW) and losses (FL) is crucial for sustainability (Sustainable Development Goal 12.3). Thus, assessing
the FLW contribution to the overall environmental burdens associated to the agri-food value chain is essential, e.g., impacts
associated with resource consumption, field operations, food left on the ground or discarded and FLW treatments (on-farm or

external). Current commercial LCA databases often do not fully consider these impacts, especially for the FL at the primary sector.

FOLOU and WASTELESS project aims to fill the gap by developing harmonized methodologies to account and allocate the impacts
related to FL and FW. During the session, the presentation of an initial proposal of harmonized guidance on quantification and
assessment of FL will be presented (if you are interested in reading in advance the guidance please write an email at folou@uvic.cat)

and discussed aiming at incorporating expert feedback from panelist and attendees.
Preliminary agenda

e Introduction to the workshop and an introduction round of the expert panelists.
e Overview presentation of the State of the Art
e Presentation of the “harmonized guidance on quantification and assessment of FL”.
e Discussion of the harmonization topics:
e How to align FL and FW impacts in the PEF/OEF standard
e Methodological choices (system boundaries, FU, allocations, etc.)
e (Gaps identification
e Discussion: limitations
e Discussion of other possible collaborations (e.g. joint publications, creation of a FLW working group, other ideas)
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Special sessions (3)

Global Guidance for Life Cycle Impact Assessment Indicators and Methods
(GLAM) phase 3

Organizers:
Lloren¢ Mila i Canals (United Nations Environment Programme, Life Cycle Initiative)

and Laura Scherer (Leiden University, Institute of Environmental Sciences)

Date and time: 10th of September, 1:40 — 2:25 PM
Location: University of Barcelona, Auditorium Paranimf

How to Attend: Open session, registration not required

Description:

The Life Cycle Initiative started GLAM in 2013 in collaboration with the University of Michigan, the Norwegian University of Science
and Technology (NTNU), and Denmark’s Technical University (DTU) to enhance global consensus on environmental life cycle impact
assessment indicators. The project aims to generate tangible and practical recommendations for different environmental indicators
and characterization factors used in Life Cycle Impact Assessments (LCIA).

GLAM works with a balanced mix of international experts from three topical tracks: LCIA method developers, providers of life cycle
thinking studies (primarily consultants and industry associations), and users of life cycle information, including governmental and
intergovernmental organizations, government, industry, NGOs, and academics.

The objective of this workshop is to provide participants with a thorough understanding of the GLAM framework. We will begin by
introducing the basics of GLAM, followed by a detailed presentation of the GLAM method and the GLAM Characterization Factors
(CFs) with a focus on food-related impact categories. Additionally, the workshop will outline the process for consultation and
stewardship within the GLAM framework.

Preliminary agenda:

1. Introduction to GLAM
2. Overall presentation of the GLAM method
3. GLAM CFs with a focus on food-related impact categories

a. Dietary impacts

b. Eutrophication

c. Water use

d. Climate change
Process for consultation and stewardship
Questions and comments
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B WHERE?
B WHEN? WHAT?
I SPECIAL EVENT

8 Sep

8 Sep | Main hall

11:00-19:30 Arrival and registration

8 Sep | Meeting room “Ramony Cajal”
12:00-17:00 Special session, by invitation only:

Harmonized methods for cultivated meat LCA.

Organizers: Hanna Tuomisto (University of Helsinki and the Natural
Resources Institute Finland, Luke) and Nicole Tichenor Blackstone (Tufts
University)

Sponsor:

Tufts Gerald J. and Dorothy R,

Friedman School of
Nutrition Science and Policy

Detailed information here.

8 Sep | Lecture room 112

HEALTHY FOOD SYSTEMS FOR A HEALTHY PLANET

8 Sep | Central Garden

16:00-17:00 Visit to the historic building of the
University of Barcelona. Groups1/2/3

17:00-18:00 Visit to the historic building of the
University of Barcelona. Groups 4/5/6

18:00-19:30 Welcome reception & Castells (Human
towers) exhibition

9 Sep

9 Sep | Main hall

08:00-18:00 Arrival and registration

9 Sep | Auditorium Paranimf

08:30-09:00 | Opening session
UB Vice-Chancellor, Ms. Merce Segarra
IRTA DG, Mr. Josep Usall

Conference Chair, Ms. Montse Nufiez

14:00-16:00 Special OPEN session:

Harmonized methods for Food Loss and Waste LCA.

Organizers: FOLOU & WASTELESS projects. Joan Colén, Nancy Pefa
and Jorge Senan (BETA Technological Center, University of Vic — Central
University of Barcelona), Ana Isabel Novo de Barros (University of Tras-
os-Montes and Alto Douro) and Sofia Reis (ISEKI-Food Association).

Detailed information here.

09:00-10:00 | Plenary 1

Chair: Ms. Montse Nunez

Ms. Paz Fentes. Deputy Director General of Herbaceous and Industrial
Crops and Olive Oil of the Ministry of Agriculture, Fisheries and Food

Mr. Joan Godia Tresanchez. Director General of Agri-Food Companies,
Quality, and Gastronomy, Government of Catalonia.

Mr. Leo Bejarano i Manjon. Head of the Catalan Office for Climate
Change, Government of Catalonia.

Public policies for sustainable food systems in Spain and
Catalonia

10:30-11:30 | Plenary 2
Chair: Ms. Anna Palli Guell

Mr. Joan David Tabara. Global Climate Forum, Berlin, and Autonomous
University of Barcelona

From less negative impact cycles to regenerative spirals. How can
we build the conditions for the emergence of net-positive tipping
points in global systems?


https://www.lcafood2024.com/programme/short-courses-special-sessions
https://www.lcafood2024.com/programme/short-courses-special-sessions

I WHERE?
B WHEN? WHAT?

9 Sep | Lecture room 112

11:30-13:00 | Sustainable livestock systems (1)
Chair: Ms. Corina van Middelaar

11:30-11:45 The contribution of dam evaporation to Brazilian cattle
water use. Michael Lathuilliere. Stockholm Environment Institute

11:45-12:00 Absolute Environmental Sustainability of Milk Production
in Brazil with a focus on climate change mitigation. Daiane Vitéria Dai.
Federal University of Sao Carlos.

12:00-12:15 Climate Impact and Ecosystem Services in Cattle
Production: Including Non-Provisioning Ecosystem Services in
Life Cycle Assessments. Karin von Greyerz. Swedish University of
Agricultural Sciences.

12:15-12:30 Assessing the Carbon Footprint of Small-Scale Dairy Cattle
Systems in Kenya, Africa: An Application of Life Cycle Assessment
Methodology. Ricardo Gonzalez Quintero. International Center for
Tropical Agriculture.

12:30-12:45 Farm efficiency and environmental impact of dairy sheep.
Irene Sodi. University of Pisa.

12:45-13:00 LCA unveils positive contribution from traditional sheep-
farming. Koesling Matthias. NIBIO — Norwegian Institute of Bioeconomy
Research.

14:30-16:00 | Sustainable livestock systems (ll)
Chair: Ms. Corina van Middelaar

14:30- 14:45 Can milk and beef footprint reductions deliver national
climate targets? Daniel Henn. University of Limerick.

14:45- 15:00 Integrating ecosystem services into LCA of livestock
farming: a comparative analysis of beef production systems in Galicia
(NW Spain). Alberto Fraile De Benito. Universidade de Santiago de
Compostela.

15:00- 15:15 Assessing the Overall Sustainability Performance of the
Meat Processing Industry Before and After Wastewater Valorization
Interventions. Angeliki Petridi. DIGNITY PRIVATE COMPANY.

15:15- 15:30 Hunting for meat with low greenhouse gas emissions-
a case study of wild boar in Sweden. Danira Behaderovic. RISE
Research Institutes of Sweden.

15:30- 15:45 Evaluation of the ecoefficiency of post-weaned swine
production. Clandio Ruviaro. Universidade Federal da Grande
Dourados.

15:45- 16:00 Developing a climate scan for pig farms without
overlooking the regional policies on nitrogen emissions. Freya Michiels.
ILVO.

16:30-18:00 | Sustainable livestock systems (lll)
Chair: Ms. Hanna Tuomisto

16:30-16:45 Cropland and carbon footprints of global crop demand for
animal feed. Neus Escobar. Basque Centre for Climate Change (BC3).

16:45- 17:00 Spent Coffee Grounds as a sustainable livestock feed
ingredient. Maite Cidad. AZTI.

17:00- 17:15 Multi-objective optimization of Canadian laying hen feed
formulation for least-carbon footprint and -economic costs. lan Turner.
University of British Columbia.
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17:15- 17:30 Investigation of lay cycle extension as an environmental
sustainability improvement strategy for the Canadian egg industry
using LCA and predictive modelling. lan Turner. University of British
Columbia.

17:30- 17:45 Ecosystem services and life cycle assessment frameworks
provide opposite assessments of animal-production systems. Jean-
Charles Joly Frédéric. INRAE.

9 Sep | Lecture room 111

11:30- 13:00 | Food loss and waste: environmental
impacts and solutions

Chair: Ms. Ulrike Eberle

11:30-11:45 Sensor-based solution in retail food waste reduction:
an LCA perspective on uncertainties and impacts. Junzhang Wu.
University of Padova.

11:45- 12:.00 Consequential Life Cycle Assessment of a Novel
Resource Recovery Solution for Food Waste Management. Haodong
Lin. University College London.

12:00-12:15 Evaluate environmental impacts of uneaten food in the
food chain. Yanne Goossens. Thuenen Institute of Market Analysis.

12:15-12:30 Environmental impact of food losses and food waste of the
milk sector in Catalonia, Spain. Ariadna Ballega Calvo. IRTA.

12:30- 12:45 Direct valorization of grocery food waste for poultry
feed: opportunities to improve sustainable egg production. Shaiyan
Siddique. The University of British Columbia Okanagan.

12:45- 13:00 Food waste reduction strategies in independent
restaurants from the eco-efficiency perspective. Sergey Mikhaylin.
Université Laval

14:30- 16:00 | Sustainable cropping systems (l)
Chair: Mr. Bo Weidema

14:30- 14:45 Urbanization of food production: Can indoor vertical
farming reduce the environmental footprint of kitchen herbs? Wanner
Silvan. Zurich University of Applied Sciences.

14:45-15:00 LCA comparison of vertical and rooftop farming with
conventional agricultura. Joan Mufioz Liesa. KTH.

15:00- 15:15 LCA to inform detailed agricultural practice ecodesign at
farm scale, example of viticulture. Renaud Gentié Christel. ESA.

15:15-156:30 Life Cycle Assessment (LCA) of Frost Protection Methods in
Viticulture: A Conceptual Framework to Assess and Compare Different
Technologies. Vincent Baillet. Ecole Supérieur des Agricultures (ESA)

15:30- 15:45 Winery 4.0: technology innovations to improve grape
production sustainability. Michele Zoli. Department of Environmental
Science and Policy - University of Milan.

15:45- 16:00 Assessing the environmental performance of valorisation
opportunities for sunflower hulls. Villi leremia. KU Leuven.

16:30- 18:00 | Sustainable cropping systems (Il) and
Innovations in food production beyond the farm gate
Chair: Ms. Neus Sanjuan

16:30 - 16:45 Improving rice production sustainability through variable
rate fertilization and alternative water management. Michele Zoli.
Department of Environmental Science and Policy - University of Milan.




16:45-17:00 Towards climate-neutral agriculture: exploring scenarios
for arable and dairy farms. Emily Miranda Oliveira. INRAE.

17:00-17:15 Assessing Organic Waste Products in LCA: Insights from
Agribalyse. Melissa Cornelus. INRAE.

17:15-17:30 Comparison between a delivery service of ready-to-cook
ingredients and a meal prepared by a home helper for the elderly.
Gremy-Gros Cécile. Université d Angers.

17:30-17:45 Analyzing the impacts of the production of vegetable
oil: understanding the role of packaging impacts. Diana Ita Nagy.
PELCAN-Pontificia Universidad Catdlica del Peru.

17:45- 18:00 Interlaboratory collaborative life cycle assessment study
in the food and packaging sector. Andrea Casson. Universita degli
studi di Milano.

9 Sep | Lecture room Aula Magna

11:30-13:00 | Combined nutritional and
environmental assessment of foods and diets (I)
Chair: Ms. Sarah McLaren

11:30- 11:45 REFRESH: a Validated Public Health Screener for Healthy
Diets with Low Environmental Impact. Ujué Fresan. ISGlobal

11:45- 12:00 The Planet Health Conformity-Index: bridging the gap
between nutritional and environmental sustainability in nLCAs. Toni
Meier. INL Institute for Sustainable Agriculture and Food Economics.

12:00- 12:15 Do Swiss food trends lead to healthier, more nutritious
and environmentally friendly diets? Alba Reguant-Closa. Agroscope.

12:15- 12:30 Environmental and nutritional performance of meal trays
served in public collective catering. Caroline Penicaud. INRAE.

12:30-12:45 Nutrition-related health and environmental impacts of
shifting to recommended diets in the US. Brooke M. Bell. Friedman
School of Nutrition Science and Policy, Tufts University.

12:45- 13:00 Environmental and Health Impact Assessment of 6,000
Menu Items. Genta Sugiyama. Waseda University.

14:30-16:00 | Combined nutritional and
environmental assessment of foods and diets (Il

Chair: Ms. Alba Bala

14:30- 14:45 Changes in dietary-related greenhouse gas emissions
through time in Peruvian cities. Joan Sanchez Matos. Pontificia
Universidad Catdlica del Perd.

14:45- 15:00 Climate change impacts of dietary patterns of young
adults in Canada. Sadaf Mollaei. George Brown College.

15:00- 15:15 Environmental Impacts and Nutrition of Dietary Patterns:
A Case Study of Canadian Provinces. Goretty Dias. University of
Waterloo.

15:15- 15:30 Nutritional life cycle assessment of Canadian grains,
oilseeds and pulses. Nicole Bamber. University of British Columbia,
Okanagan campus.

15:30- 15:45 Combined nutritional and environmental assessment of
the Portuguese Dietary Pattern. Joana Béto. Faculty of Nutrition and
Food Sciences, University of Porto.

HEALTHY FOOD SYSTEMS FOR A HEALTHY PLANET

15:45- 16:00 Towards a combined environmental and nutritional Life
Cycle Assessment of the four most caught fish by Belgian fisheries.
Matthys Sarah. KU Leuven.

16:30-18:00 | Combined nutritional and
environmental assessment of foods and diets (lll)

Chair: Mr. Brad Ridoutt

16:30- 16:45 Calculating thresholds for differentiating different levels
of climate friendliness for meals. Miguel Brandao. KTH - Royal Institute
of Technology.

16:45- 17:00 Methodological considerations for quantifying the effect
of nutritional compositions and product formulation in environmental
life cycle assessments of food items. Ashley Green. ETH Zurich.

17:00- 17:15 Multi-criteria decision analysis (MCDA) as a context-
adaptable weighting method for Life Cycle Assessment impact
categories in sustainable nutrition science. Elise de Boer. University
Medical Center Groningen.

17:15-  17:30Mitigating environmental impacts through more
sustainable diets: consequential life cycle assessment of various
regional diet shift scenarios. Guillaume Aurore. KU Leuven &amp; UCT
Prague.

17:30- 17:45 Life cycle environmental consequences of a more cycling-
oriented mobility including additional calorie intakes and regional diet
evolutions. Anne de Bortoli. CIRAIG, PolyMTL.

17:45- 18.00 A Protein Quality Adjusted nutritional-LCA of Soy-Based
Meat and Dairy Alternatives: Understanding the Environmental and
Nutritional Implications of Food Processing. Eric Mehner. Agroscope.

9 Sep | Lecture room Aula Capella

11:30-13:00 | Greenhouse gas accounting and
reporting

Chair: Ms. Cécile Bessou

11:30- 11.45 Integrating land use and land-use change greenhouse
house gas emissions into the French life cycle inventory database
Agribalyse. Xavier Boton. Arvalis institut du végétal.

11:45-12:00 Methodological development to include the effect of land
management changes in GWP of field crops. Noora Anniina Lehtila.
Natural Resources Institute Finland (Luke)

12:00- 12:15 Quantifying land conversion carbon emissions in the
absence of traceability. Jurgen Reinhard. AdAstra Sustainability.

12:15-12:30 Radiative forcing footprints for the Australian red meat
industry. Brad Ridoutt. CSIRO.

12:30-12:45 Application of environmentally extended input-output data
to estimate greenhouse gas emissions attributable to packaged foods
and beverages in Australia. Maria Shahid. The George Institute for
Global Health.

12:45- 13:00 Carbon footprint of low-input livestock systems:
accounting for natural baseline emissions within the ecosphere.
Guillermo Pardo Nieva. Basque Centre for Climate Change - BC3.




14.30- 16:00 |Topical discussion session 1
Carolina Carrillo Diaz. Mérieux NutriSciences | Blonk

Bridging the Environmental Footprint Data Gap: Enhancing
Collaboration between Users and Creators of Background
Databases.

16:30-18:00 | Topical discussion session 2

Jurgen Reinhard and Lisanne de Weert. AdAstra Sustainability
Renan Novaes. Embrapa

lana Salim. Meérieux NutriSciences | Blonk

Opportunities from land use change assessments frameworks to
unlock supply chain interventions.

20:00 L'Estacio Espai Gastronomic

Address: Estacié de Franga (France Railway Station), Avinguda del
Marqués de I’Argentera 6, Barcelona

B WHERE?
B WHEN? WHAT?

10 Sep

10 Sep | Main hall

08:00-18:00 Arrival and registration

10 Sep | Auditorium Paranimf

10:30-11:30 | Plenary 3
Chairs: Ms. Carmen Vidal and Ms. Mariluz Latorre
Mr. Joan Romanya. University of Barcelona

Healthy soils for a healthy life.
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Global Guidance for Life Cycle Impact Assessment Indicators
and Methods (GLAM) phase 3

Organizers: Lloreng Mila i Canals (United Nations Environment
Programme, Life Cycle Initiative) and Laura Scherer (Leiden University,

Institute of Environmental Sciences)

Detailed information here.

16:30-17:30 | Plenary 4
Chairs: Ms. Alba Bala and Mr. Lloren¢ Mila i Canals

Roundtable with Ms. Louise Fresco (Wageningen University &
Research -WUR) and Ms. Marta Rivera-Ferre (INGENIO -CSIC-UPV-)

Sustainable food systems: what, why, how?

10 Sep | Lecture room 112

08:30-10:00 | Life cycle sustainability assessment of
food systems

Chair: Mr. Sergiy Smetana

8:30- 8:45 Integrated sustainability assessment of insect-fed chicken:
Integrated Sustainability Index. Dusan Ristic. German Institute of Food
Technologies (DIL e. V.).

8:45-9:00 Sustainability performance of innovative ruminant systems
in Europe. Pietro Goglio. Department of Agricultural, Food and
Environmental Science, University of Perugia.

9:00-9:15 DEXi a framework to integrate LCA in sustainability
assessment. Application to animal production system. Aurélie Wilfart.
INRAE.

9:15-9:30 LCA to feed multi-criteria sustainability assessment of
intermediate food value chains. Mehran Naseri Rad. RISE - Research
Institutes of Sweden.

9:30- 9:45 A practitioner-driven methodological framework to assess
the environmental, social and economic sustainability of regional food
products. Barbara Mejia. Agroscope, LCA Group.

9:45-10:00 Environmental and Social Life Cycle Assessment of drinking
water. Marianna Garfi. Technical University of Catalonia (UPC).

11:30-13:00 | Integration of agroecology and soil
health in LCA

Chair: Ms. Neus Sanjuan

11:30- 11:45 Enhancing Life Cycle Assessment Methods for
Agroecological Systems: Insights from a UK Case Study. Sally
Westaway. University of Reading.

11:45-12:00 Mapping a Path to Climate Neutrality for Nebraska
Agriculture:  Approach and Findings. Martin  Heller.  Blonk
Consultants.

12:00- 12:15 Organic farming expansion: identifying areas optimal
for achieving EU organic agriculture goals using spatial-explicit LCA
modelling. Anna Muntwyler. Institute of Environmental Engineering,
ETH Zurich.


https://www.lcafood2024.com/programme/short-courses-special-sessions

12:15- 12:30 Combining LCA results and soil indicators for long-term
decision making: a case study with Californian cotton. Ellie Williams.
PRe Sustainability.

12:30- 12:45 Evaluation of different fertilization scenarios in a vineyard,
integrating the LCA methodology and the RothC model to analyze
carbon dynamics in soil. Ana Cavallo. University of Bologna.

12:45- 13.00 Climate change impacts of organic crops in Canada.
Shenali Madhanaroopan. Riverside Natural Foods Ltd.

14:30-16:00 | Sustainability in fisheries and
aquaculture systems

Chair: Ms. Saioa Ramos

14:30- 14:45 How do illegal, unreported, and unregulated (IUU) fishing
activities influence Life Cycle Assessment results? lan Vazquez Rowe.
Pontifical Catholic University of Peru.

14:45- 15:00 Building Life Cycle Inventories of IUU fishing activities
in the Peruvian EEZ using remote sensing techniques. Eizo Mufioz.
PELCAN Pontificia Universidad Catdlica del Perd.

15:00- 15:15 BASES: a biophysical assessment framework for valuating
ecosystem services. Aurélie Wilfart. INRAE

15:15- 15:30 A Novel Approach to including Ecosystem-Scale
Biodiversity Impacts of Wild Capture Fisheries in Life Cycle Impact
Assessment. Arnaud Helias. Elsa - INRAE

15:30- 15:45 Operational Accounting of two Major Drivers of Marine
Biodiversity Loss in LCA of Seafood Products. Aurore Wermeille. Sayari

15:45- 16.00 Expanding Life Cycle Impact Assessment to account for
marine plastic emissions: a case study for the fishing industry. Cecilia
Askham. NORSUS AS.

10 Sep | Lecture room 111

08:30-10:00 | LCA and footprint studies explained by
companies

Chair: Ms. Clea Figueiredo

8:30-8:45 Assessing Oatly’s Handprint. Vasiliki Takou. Oatly AB.

8:45-9:00 Using environmental footprint in dairy and plant-based dairy
alternative sectors. Saioa Ramos. AZTI.

9:00-9:15 Creating Novel Value in the Pork Chain Through LCA-
Quantified Carbon Reductions Enabled by Genetic Innovation.
Lindsay Case. PIC.

9:15-9:30 Carbon footprint and decarbonization of a territorial agrifood
research institute. Nuria Martinez Soler. IRTA

9:30-9:45 A Comparative Life Cycle Assessment of RSPO certified and
non-certified palm oil in Malaysia, Indonesia, Thailand, Colombia, and
Nigeria, with inclusion of regionalisation, time Series, and diverse FFB
Suppliers. Iris Helena Weidema. 2.-0 LCA consultants.

11:30-13:00 | Circular food systems
Chair: Ms. Ulrike Eberle

11:30-11:45 Circular integration of insect bio-converting food waste
into protein: A Life Cycle Assessment perspective on black soldier fly.
Vikunu Khieya. German institute for Food Technology e. V. (DIL)
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11:45- 12:00 Potential of insects for the nutrient circularity in food
systems through the framework of Life Cycle Assessment. Sergiy
Smetana. DIL.

12:00- 12:15 Framework to assess the potential of circular food system
technologies. Clark Halpern. Wageningen University.

12:15- 12:30 Leveraging circular nutrients to improve the sustainability
of urban agricultura. Maria Angelica Mendoza Beltran. 2.-0 LCA
consultants.

12:30- 12:45 An Ecodesign Framework for Sustainable Food Product
Development. Beatriz Ines Queiroz Lopes da Silva. DIL Deutsches
Institut fir Lebensmitteltechnik e.V.

12:45-13:00 Life Cycle Assessment for the eco-design of an innovative
strategy for the valorization of whey in a bioeconomy approach.
Lauranne Collet. AgroParisTech - UMR SayFood

14:30-16:00 | Cocoa and olive oil: sustainability
assessments
Chair: Mr. Shabbir H. Gheewala

14:30-14:45 Land use change emissions linked to Ivorian cocoa
exports. Carina Miriam Mueller. Stockholm Environment Institute.

14:45-15:00 A Landscape-scale Biodiversity Impacts Analysis of Cote
d’lvoire’s Cocoa Cultivation Along Export Supply Chains. Shuntian
Wan. ETH Zurich.

15:00-15:15 Social LCA to Support Decision-Making in the Cocoa
Supply Chain. Naeem Adibi. WeL OOP.

15:15-15:30 Plastic biopolymers: a second life to olive oil. Almudena
Hospido. Universidade de Santiago de Compostela.

15:30- 15:45 Environmental Assessment of the daily intake of
polyphenols derived from Extra Virgin Olive QOil in the Mediterranean
Population. Maria Vittoria Di Loreto. Universita Campus Bio-Medico di
Roma.

10 Sep | Lecture room Aula Magna

08:30-10:00| Life cycle inventory: modelling,
databases and tools (l)
Chair: Mr. Bruno Notarnicola

8:30-8:45 A food biodiversity database has been born! Karin Morell.
RISE Research Institutes of Sweden.

8:45- 9:00 The Biodiversity Value Increment method in the GaBi
database. Jan Paul Lindner. University of Augsburg.

9:00- 9:15 Agro-SCAN: A new Multi-Regional Input-Output database
for estimating cropland and calorie footprints of agri-food consumption.
Neus Escobar. Basque Centre for Climate Change (BC3).

9:15- 9:30 Incorporating environmental impact data in existing agri-
food software using API: a case study on Haifa NutriNet. Eline Willems.
Pre sustainability.

9:30- 9:45 Promoting harmonization of life cycle inventory and food
composition databases through semi-automatic standardization.
Thomas Nemecek. Agroscope.

9:45- 10:00 Batch generation of agricultural LCls: comparison of
strategies. Patrik Henriksson. Stockholm University.




11:30-13:00 | Life cycle inventory: modelling,
databases and tools (I1)

Chair: Mr. Niels Jungbluth

11:30- 11:45 The big Climate Database - 500 food products. Jannick
Schmidt. 2.-0 LCA consultants.

11:45-12:00 Trase/Orbae: spatially-explicit supply chain mapping
of forest risk commodities for scope 3 GhG emissions. Michael
Lathuilliere. Stockholm Environment Institute.

12:00-12:15 An open-source toolset to assess deforestation impact
embodied in trade of bio commodities. Selene Eliana Patani. ARCADIA
SIT

12:15-12:30 Development of the Crop System Efficiency Index. lana
Camara Salim. Mérieux NutriSciences | Blonk.

12:30- 12:45 Exploring HESTIA — a platform storing standardised data
on agricultural production systems. Lucy Walker. University of Oxford.

12:45- 13:00 Development of an ltalian Life Cycle Inventory Database
of Agri-Food Products (ILCIDAF). Bruno Notarnicola. Universita degli
Studi di Bari Aldo Moro.

14:30-16:00 | Life cycle inventory: modelling,
databases and tools (lll)

Chair: Mr. Sergiy Smetana

14:30-14:45 The GRINS Project for the development of Life Cycle
Inventory databases of beef cattle raised in Italy: preliminary results
of the statistical dataset. Umile Gianfranco Spizzirri. Universita degli
Studi di Bari Aldo Moro.

14:45-15:00 Environmental assessment of swine and beef cattle
sectors in Catalonia. Marta Ruiz. IRTA.

15:00-15:15 Cause-effect-based approach to inventory and model pig
products in slaughterhouses. Annika Erjavec. 2.-0 LCA Consultants.

15:15-15:30 The water footprint of global crop production — Country
level and gridded LCI data for 175 crops from 1990 to 2019. Markus
Berger. University of Twente.

15:30-15:45 Can we account for all agri-food chemicals in the
impact assessment? Nyberg Carl Oskar Peter. Stockholm Resilience
Centre.

15:45-16:00 Global pesticide application data for use in LCA. Yuyue
Zhang. QSA, DTU (Technical University of Denmark)

(by invitation only)

10 Sep | Lecture room Aula Capella

08:30-10:00 | Ecolabelling
Chair: Mr. Ralph Rosenbaum

8:30- 8:45 A Comparison of Databases to assess the climate
impact of labeled foods. Katrin Geburt. Thinen Institute of Market
Analysis.

14™ LCA FOOD 2024 - International Conference

8:45-9:00 How to develop robust Sustainability labels for food?
Learnings from the Environmental Footprint. Laura Garcia Herrero. EC-
JRC.

9:00-9:15 Reducing complexity for a single score for food products.
Felix Lucking. Corsus corporate sustainability GmbH.

9:15-9:30Product Environmental Footprints of organic food - status
quo and improvement potentials. Antony Florian. Oko-Institut e.V.
Institute for Applied Ecology.

9:30- 9:45 The environmental footprint of packaged food and beverage
products in Australian supermarkets. Pankti Shah. Deakin University.

9:45-10.00 Ecolabeling, time for action; the French case. Vincent
Colomb. ADEME.

11:30-13:00 | Communication of LCA results and
integration of ESG criteria into business
Chair: Mr. Thomas Nemecek

11:30-11:45 From gut feeling to data driven decisions in Michelin
starred restaurants. Ellie Williams. PRe Sustainability.

11:45-12:00 From LCA to on-the-ground impact- a case study with
Californian cotton. Danai Mangana. PRé Sustainability.

12:00-12:15 Accounting for Overfishing in Environment Labelling
— Comparing LCA and Fishery Science Methods. Gregoire Gaillet.
Sayari.

12:15-12.30 Scaling LCA capabilities within companies. Peter-Jan
Roose. BrightWolves.

12:30-12:45 Assessing impacts on biodiversity on an Aquaculture
porfolio. Anne Asselin. SAYARI.

12:45-13.00 Biodiversity footprint for food products: a research
agenda. Laura Garcia Herrero. EC-JRC.

14:30-16:00 | Topical discussion session 3
Delanie Kellon. Global Feed LCA Institute (GFLI).

Achieving alignment and transparency within the feed and food
supply chain: embracing the complexity of new developments in
impact assessment and modelling.

10 Sep | Paranimf Gallery and Cloister

10 Sep | Central Garden

10 Sep | External location




B WHERE?
B WHEN?WHAT?

11 Sep

11 Sep | Main hall

08:00-10:30 | Arrival and registration

11 Sep | Auditorium Paranimf

10:30-11:30 | Plenary 5
Chairs: Ms. Almudena Hospido and Mr. Ralph Rosenbaum

Business roundtable, with Ms. Sarah Sim (Unilever), Ms. Lisbeth Sofia
Hernandez (OS/) and Ms. Isabelle Privat (Nestle Institute of Agricultural
Science)

On the Road of Green Business Transition for Sustainable Food
Systems

Chair: Ms. Montse Nurfiez

11 Sep | Lecture room 112

08:30-10:00 | Novel foods and protein diversification
)
Chair: Ms. Marta Ruiz

8:30-8:45 Greenhouse gas emissions of farmed Ulva and three
conservation methods. Anna Frida Maria Axelsson. RISE Research
Institutes of Sweden.

8:45-9:00 Life Cycle Assessment of microalgae production for food
and feed: from light to dark. Abbigel Sadhu. Deutsch Institute fdr
lebensmittle (DIL).

9:00-9:15Life Cycle Assessment of Oatly products compared to dairy
equivalents for Oatly’s key global markets. Elisabeth Keijzer. Blonk
Consultants

9:15-9:30 Life cycle assessment of Beefy-9 and Beefy-R serum-free
culture media for cell-cultivated beef production. Nicole Blackstone.
Friedman School of Nutrition Science and Policy, Tufts University.
9:30-9:45 Life Cycle Assessment of Growth Factor Production for
Cultivated Meat Through Molecular Farming. Taiwo Omotosho.
University of Helsinki.

HEALTHY FOOD SYSTEMS FOR A HEALTHY PLANET

9:45- 10:00 Looking forward a sustainable insect meal value-chain:
a LCA study on yellow mealworm meal production. Matteo Cordara.
CNR-STIIMA.

11:30-13:00 | Novel foods and protein diversification
()
Chair: Ms. Marta Ruiz

11:30-11:45 The nutritional and environmental consequences of
replacing meat and dairy products with market-ready alternatives in
recommended and average Swiss diets. Eric Mehner. Agroscope.

11:45-12:00 The sustainability and nutritional profile of alternative
protein sources - Avoiding fallacy by including protein quality and
nutrient density in LCIA of novel foods. Julian Quandt. Augsburg
University.

12:00- 12:15A novel nutrient quality index for life cycle assessment of
protein-rich foods. Ana Fernandez Rios. University of Cantabria.

12:15-12.30 Global environmental impact of replacing livestock with
cell-cultured and microbial proteins. Mohammad E| Wali. University of
Helsinki.

12:30-12:45 Comparative Life Cycle Assessment of Innovative Plant-
Based and Conventional Meat Products. Joel Bonales Revuelta.
EarthShift Global.

12:45-13.00 Comparative assessment of alternative protein sources
for meat substitution. Sergiy Smetana. DIL.

11 Sep | Lecture room 111

08:30-10:00 | Sustainable territories and economies
Chair: Ms. Almudena Hospido

8:30-8:45 LCA of territorial food supply scenarios: a spatialized and
prospective approach. Lazare Deteix. INRAE.

8:45-9:00 Advancing the sustainability transformation of agriculture
under the European Green Deal: An Agent-Based LCA for policymaking
support. Raul Lopez i Losada. Centre for Environmental and Climate
Science - Lund University.

9:00-9:15 Comparative assessment of the land footprint and regulating
ecosystem services embodied in the EU-27 consumption of vegetable
oils: an environmental trade-off analysis among substitutes godos.
Giovanni Bausano. University of Padova.

9:15-9:30 Mapping Deforestation Embodied in EU Bio-based Imports.
Teresa Armada Bras. European Commission, Joint Research Centre
(EC-JRC).

9:30-9:45 Carbon and Biodiversity Footprints of the Swiss food
consumption. Wanner Silvan. Zurich University of Applied Sciences.
9:45-10.00 “Land-related biodiversity impacts in global agri-food
supply chains a spatially-resolved assessment from 1995 to 2022”.
Schlosser Veronika. Technical University of Munich.

11:30-13:00 | Sustainability of food systems in
developing and emerging economies
Chair: Mr. Lloren¢ Mila i Canals

11:30-11:45 Environmental and socio-economic analysis of the Ivorian
market vegetables suburban systems. Moussa Dosso. C/IRAD UPR
Recyclage et risque




11:45- 12:00 Life Cycle Assessment of major Myanmar crop products
using HESTIA. Valentina Caldart. University of Oxford.

12:00-12:15 LCA of the Ivorian cashew value chain as a key component
of a corporate sustainability framework. Angel Avadi. Cirad UPR
Recyclage et risque.

12:15-12:30 LCA of Robusta coffee production in Vietnam:How
grafting and cycle lengths influence the impacts?. Sandra Payen.
Cirad.

12:30- 12:45 LCA and carbon sequestration evaluation: cupuacu jam
from agroforestry in the Amazon rainforest. Valeria Arosio. Demetra.

12:45- 13:00 Social Life Cycle Assessment of low -tech digesters
in small-scale farms. Kurt Eduardo Ziegler Rodriguez. Universitat
Politécnica de Catalunya.

11 Sep | Lecture room Aula Magna

08:30-10:00 | Life cycle impact assessment: new
developments (I)

Chair: Mr. lan Vazquez Rowe

8:30-8:45 Development of a regionalized dynamic weighting method
for the environmental impact of alternative protein sources. Aditya
Francis. German Institute for Food Technology e. V.

8:45-9:00 Ecotoxicity assessment of pesticide use based on Japanese
PRTR data. Marika Muramoto. Waseda University.

9:00-9:15 Framework for evaluating animal welfare in life cycle
assessments of diets. Sebastian Richter. Research Institute of Organic
Agriculture (FiBL)

9:15-9:30 Biodiversity impacts of major crops — Spatially explicit
characterization factors for 152 major crops. Julian Quandt. Augsburg
University.

9:30- 9:45 Assessing the impact of vegetables on biodiversity in life
cycle assessment. Pépin Antonin. INRAE

9:45-10:00 Characterization factors for land use impacts on terrestrial
ecosystem quality considering intensities and fragmentation. Laura
Scherer. CML, Leiden University.

11:30-13:00 | Life cycle impact assessment: new
developments (ll)

Chair: Ms. Laura Scherer

11:30- 11:45 The effect of El Nifio events and climate change in
the water scarcity characterization factors based on AWARE. Joan
Sanchez Matos. Pontificia Universidad Catdlica del Perd.

11:45- 12.00 Drivers of trends and uncertainty in prospective water
scarcity impact assessment with AWARE2.0. Georg Seitfudem.
CIRAIG, Chemical Engineering Department, Polytechnique Montreal.
12:00-12:15 Resource criticality in LCIA: regionalised characterisation
factors for water and land. Lazare Deteix. INRAE.

12:15-12:30 Regional characterization of the albedo impacts of
agricultural land use at the global scale. Kathryn Loog. CIRAIG,
Polytechnique Montreal.

12:30-12:45 Assessment of Agricultural Microplastic Emissions
Impacts via Novel Comprehensive Multimedia Characterization
Factors. Juliette Louvet. CIRAIG, Polytechnique Montréal

14™ LCA FOOD 2024 - International Conference

11 Sep | Lecture room Aula Capella

08:30-10:00 | Topical discussion session 4
Niels Jungbluth. ESU-services Ltd.
Ujué Fresan. ISGlobal

Recommendations for sustainable nutrition in the political
debate.

11:30-13:00 | Topical discussion session 5
Roline Broekema. Wageningen University and Research.

Ecolabeling of food products is happening the devil is in the
details.

12 Sep | Visit to IRTA's facilities

(+ details here)


https://www.lcafood2024.com/programme/visit-to-irta-s-facilities

LIST OF

14th International A b
Conference

F@9D

2024

HEALTHY FOOD
SYSTEMS FOR
A HEALTHY PLANET




Lists of posters

14™ LCA FOOD 2024 - International Conference 37

Sustainable livestock systems

Reduction of greenhouse gas emissions from pig and poultry

Akifumi Ogino

National Agriculture and Food Research

o production in Japan by climate change mitigation measures Organization
02 Evaluation of Eco-efficiency in a Swine Production System in Post- Clandio Ruviaro Universidade Federal da Grande
weaning Phase: A Sustainability Approach Dourados
03 Mitigation actions to reduce the carbon footprint of dairy sheep Enrico Vagnoni AGRIS
farming systems. Net benefits assessment from an Italian case study
04 Environmental Sustainability Evaluation of PIC Genetics vs. Industry Greg Thoma Resilience Services, PLLC
Average: North America
05 Life cycle assessment of alternative heating ventilation and air Leandra Vanbaelinghem University of British Columbia -
conditioning (HVAC) systems for poultry housing in Canada. Okanagan
Life cycle environmental sustainability assessment of feed Lisbeth Mogensen AArhus University
06  supplementation strategies to reduce enteric methane emissions in
dairy cattle production
07 Life Cycle Assessment (LCA) of intensive sheep milk production Maria Ravani Hellenic Agricultural Organization
system DIMITRA
08 Insect meal from rice by-product as low-impact feed in aquaculture: ~ Michele Zoli University of Milan
life cycle assessment of different insect diets
09 Best practices on scientific computing applied to dairy LCA models M|gugl Fernandez 2-0LCA consultants
Astudillo
10 Optimization of resource use and reduction of Environmental impact Miguel Andén Mariero IRTA
in different pig genetics
Assessing the environmental impacts of beef production chains Raisa Margarita Tinitana ~ Universitat Politecnica de Valencia
i integrating grazing and landless systems Bayas
12 Strategies for mitigating the carbon footprint of milk production inthe ~ Vanessa Romario de Brazilian .Agricultural Research
South and Southeast of Brazil Paula Corporation
13 An environmental cost-benefit analysis of organic and non-organic Vincent Merida University of Iceland
sheep farming in Iceland
" Development of the National Environmental Sustainability and Vivek Arulnathan University of British Columbia -
TechnologyTool (NESTT) for Canadian egg farmers Okanagan
15 Effects of early season drought on carbon footprint of milk in northern ~ Yajie Gao University of Helsinki
latitudes
16 Improving the sustainability of livestock system by using low carbon Yron Manaig ANIMINE
trace mineral sources
Carbon footprint of Basque dairy farms under different production Haritz Arriaga NEIKER

systems

Food loss and waste: environmental impacts and solutions

Circling the sandwich: A characterisation of food waste and its drivers

Alexander Moores

Brunel University London

18 in UK commercially-prepared sandwiches
Exploring sustainable approaches to mitigate food waste and reduce ~ Andrea Casson Universita degli studi di Milano
19 environmental impact at the Ortomercato wholesale fruits and
vegetables market in Milan
20 Comparative Life Cycle Assessment of surplus food waste prevention  Asimina Bairaktari University of Copenhagen
through reuse and upcycling
2 Sustainability of the food supply chain: Impacts assessment of food Imane Uald Lamkaddam  UVic UCC - BETATC
losses at primary production stages of plant-based food products
22 Farm level dominates losses in Swedish beef supply chain Ingrid Strid Swedish University of Agricultural
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Keynote speaker

Joan DavidTabara, Autonomous University of Barcelona

From less negative impact cycles to regenerative
spirals. How can we build the conditions for the
emergence of net-positive tipping points in global
systems?

How can we accelerate deep social-ecological transformations to not only avoid the
catastrophic effects of negative global environmental change but mostly to regenerate the life-
support systems that secure the safe and just development of human societies in the long term?
What particular strategic, and apparently small additional actions, can we implement to yield
greater net-positive systemic effects on global sustainability? In this talk, | will address these
broad questions by focusing on the notion of net-positive tipping points and also, by briefly
exploring some of the implications that the rising narrative on regenerative sustainability could
have for those working on LCA. Net-positive tipping points can be defined as those thresholds
of development in which additional, deliberate actions taken by individuals, organisations or
societies not only manage to reduce the socioenvironmental harm inflicted from their daily
activities (with regenerative effect <0), or achieve neutral outcomes (=0), but above all,
manage to fast regenerate and enhance the conditions that make life in all its diversity flourish
on Earth in the long term. To achieve such regenerative thresholds, | will argue that positive
synergies and self-propelling virtuous feedbacks between improvements in social systems
conditions (e.g., social equity, inclusion and access) and improvements in biophysical ones
(e.g., environmental quality and functional integrity) need to be continuously institutionalised.
Based on my recent interdisciplinary research, | will share some insights on how this could be
achieved and how | understand the role transformative science and knowledge plays in this
critical endeavour.



Keynote speaker

Joan Romanya, University of Barcelona

Healthy soils for a healthy life

Soils provide the basis for human food supply and are key to the environment, with implications
for biodiversity conservation and air and water quality. While well-preserved forest and
grassland soils can be considered natural soils, intensively used agricultural soils are

generally vulnerable to degradation due to reduced organic matter content, exposure of their
surface mineral layer to the atmosphere and to climate change. The amount of land used

for agriculture is currently increasing and accounts for 12.9 % of the habitable land. This
practice increases greenhouse gas emissions and threatens biodiversity conservation and

the environmental services provided by forest and grassland soils. Therefore, in the context

of climate change, it is important to conserve grassland and forest soils and to achieve good
agronomic productivity while adapting agricultural soils to climate change. Our aim is to

define land management strategies and scalable agricultural practices that promote resource
circularity and enhance the services of plant soil biota in the agroecosystem to grow healthy
crops in a healthy environment. Soil biota is generally sustained by soil organic matter (SOM),
but since the Green Revolution SOM levels in agricultural soils have continued to decline,
mainly due to the intensification of tillage practices, monocultures and reduced use of organic
fertilizer. While in many cases the reduction of SOM in agricultural soils may be reversible, soils
become vulnerable to degradation when SOM levels approach the degradation threshold. In
the Mediterranean context we have seen that this occurs in dry areas especially in carbonate
rich soils. While the organic matter levels have been used as a single stand-alone indicator

of soil quality, the complexity of the soil microbiome and associated processes requires the
development of advanced indicators of soil quality that include SOM quality and soil biome
composition. Soil microbiota contribute to soil aggregation, which in turn, protects organic
matter from decomposition. In forests and grasslands, the soil biome lives on carbon- rich plant
residues coming from roots or litter, which contribute to the microbial mobilisation of nutrients
held in organic matter within soil aggregates. In contrast to this biological functioning, nutrient
mobilisation in most agricultural soils is based on mechanical breaking of soil aggregates and
the use of nutrient-rich fertilizers, such as mineral or organic nutrient-rich materials, to which the
natural soil biota is not well adapted. In fact, most composts, manures and slurries are richer

in nitrogen than any plant residue. Yet the dung of grazing animals is a nitrogen rich source
occurring in grassland soils. Our challenge is to find scalable, circular ways to maintain or
increase yields while regenerating soils. To do this, we need to develop no-till or reduced tillage
practices in the different farming systems and promote the use of plant residues, polycrops and
green manures combined with the moderate use of composts and manures.



Roundtable with

Louise Fresco (Wageningen University)

and Marta Guadalupe Rivera Ferre (Csic-upv)

Sustainable food systems: what, why, how?

A truly interactive roundtable on “Sustainable Food Systems: What, Why, and How” features
Louise Fresco and Marta G. Rivera. Louise Fresco will discuss the future of agriculture amid
geopolitical tensions, climate challenges, and the need for innovation. Marta G. Rivera will
highlight how food systems contribute to unsustainability and inequality, emphasizing the need
for a complex systems approach to achieve social and ecological outcomes. She will also
explore current scientific trends and research questions aimed at addressing these challenges
through transdisciplinary methods. Questions from the audience will be woven into the
interactive debate.



Roundtable with

Sarah Sim (Unilever),

Lisheth Sofia Hernandez (0s)),

and Isabelle Privat (Nestié)

On the Road of Green BusinessTransition for
Sustainable Food Systems

A roundtable focusing on the food industry perspective “On the Road of Green Business
Transition for Sustainable Food Systems” provided by Sarah Sim (Environmental Sustainability
Programme Director in Unilever’s Safety and Environmental Assurance Centre), Lisbeth
Hernandez (Sustainability Officer for OSI Group in all European markets), and Isabelle Privat
(Head of Plant & Nutrition Department at the Nestlé R&D Center). Three experts from three
large, multinational companies, leading in different areas within the global food system, will
share their company’s angle on the sustainable transition of food systems, and their role and
concrete actions in this process. The audience will be invited to interact, ask questions and
discuss, for example, which obstacles and bottlenecks their companies are facing on their
path, what roles science and particularly LCA play in their strategic decisions, or how they
envision a sustainable food system.
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The contribution of dam evaporation
to Brazilian cattle water use

Michael J. Lathuilliére’, Rafaela Flach', Lan Wang-Erlandsson?, Carlos Souza3

Stockholm Environment Institute, Linnégatan 87D, 104 51 Stockholm, Sweden
2Stockholm Resilience Centre, Stockholm University, Albanovégen 28, 106 91 Stockholm, Sweden
3Imazon, Amazonia People and Environment Institute, Trav. Dom Romualdo de Seixas 1698, 66.055-200, Belém, Paré, Brazil

E-mail contact address: michael.lathuilliere@sei.org

1. INTRODUCTION

Brazil has the largest cattle herd on the planet, yet little is known about the amount of water consumed by the
sector. Cattle are typically raised in extensive pasture systems containing natural and human-made small farm
dams that serve as the main drinking water source. Mapping these dams and quantifying their evaporation across
Brazil is a major challenge, but new developments in remote sensing now allow for better estimates of the location
and area of these water sources. The goal of this study was to (1) investigate the importance of dam evaporation
in Brazilian cattle water footprint inventories and (2) offer a method that could allow for annual data updates to

improve Brazilian beef LCAs.

2. METHODS

We focus on blue water consumption as the sum of animal consumption and dam evaporation allocated to the
living cattle herd (Bos taurus) in 2017 with a functional unit of one tonne of cattle liveweight (LW) per municipality
that produces beef (5538 in total). Animal water consumptive uses as per Ridoutt et al (2012) comprise: water in
feed (Whreed), metabolic water (Wiet), and cattle drinking (Warink) adapted for Brazil (Zanetti et al 2019) (Table 1).
Dam evaporation was estimated using mean municipality reference evapotranspiration (Xavier et al 2022) over
dams of 0.5-50 ha in the Mapbiomas Agua (2023) dataset of anthropic dams, selected based on vicinity to pasture
(> 10%) and removing irrigation and mining activities. Cattle LW was calculated for each municipality using the

make-up of the cattle herd following age, development stage and sex (MCTI 2020).

3. RESULTS AND DISCUSSION

Total water consumed by the living cattle herd in 2017 was 10 km3 with 69-88% due to dam evaporation (Table 2).
Cattle water footprint inventories ranged from 66 m? (tonne LW)"' (Parana, Southeast) to 1010 m? (tonne LW)"

(Rio Grande do Norte, Northeast), while the main producing states (> 6 Mtonnes LW y') showed values of 82-141
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m?3 (tonne LW)" (Figure 1). These results highlight the importance of dam evaporation for the beef sector and the
need to continue to refine remote sensing products to allow for the more systematic mapping and monitoring of
these reservoirs, particularly in the Northeastern region where our estimates were often more than double than
what was found in the rest of the country. Most farm dams are not licensed by environmental agencies and
therefore constitute an important blind spot in LCAs with potential impacts to small stream networks (e.g.,

eutrophication).

The geographic variability in water footprint inventories reflects the water needs of farmers in more water scarce
regions, such as the Northeast (126,000 ha of dam area for 8.2 Mtonnes LW, or 65 tonnes LW (ha water)™)
compared to the more seasonally dry Central Western region with the most productive states (114,000 ha for 23.2
Mtonnes of LW, or 204 tonnes LW (ha water)™"). Dam evaporation is a water consumption activity that reduces
water availability for other users downstream (e.g. energy, aquatic ecosystems) and, therefore, relevant to

downstream water scarcity in Brazil.

4. CONCLUSIONS

We provided a spatially explicit water footprint inventory for Brazilian cattle following a method that can be updated
annually, alongside other life cycle inventory data that use similar variables (e.g. as in enteric methane emissions,
see MCTI (2020)).

5. ACKNOWLEDGEMENTS
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Table 1. Equations used to derive the animal blue water consumptive uses, where DM/ (kg head' d') is the dry matter
intake, MC (%) is the feed moisture content, Milk: (L head™ d') is the calf milk consumption, DE (%) is the animal
digestibility coefficient, LW (kg head™") is the animal liveweight, Tmax (°C) and RH (%) are the maximum temperature and
relative humidity obtained as a state average for the 2010-2019 period (Xavier et al 2022).

Animal blue water Equation Reference
consumptive use
(L head' d*)

Water in feed (Wieed) DMI MC + Milk Ridoutt et al (2012)
100 — MC ¢
. DE )
Metabolic water (W) o.6omr 2L Ridoutt et al (2012)
100
Cattle drinking (Worink) 9.499 + 0.190LW %75 + 0.271T,,q — 0.259RH + 0.489DMI Zanetti et al (2019)

Table 2. Contributions of blue water consumptive uses to the water footprint inventory of Brazilian live cattle in 2017
across the country’s regions.

Water consumption South Southeast Central West Northeast North
Animal 19% 25% 31% 12% 26%
Dam evaporation 81% 75% 69% 88% 74%

Animal . Dams

South Southeast Central West Mortheast MNorth
1000 4

750 4
500 4

250 4

Water footprint inventory (m* (tonne LW) )

0Jd
RS SC ES MG RJ 5P ODF GO M5 MT AL BA CE MA PE FE Pl RN SE AC AM AP PA RO RR TO

28 40 13 | 05 B9 08 34 01 73 67 B2 04 30 07 22 D4 05 05 03 D3 | 09 ©4 «© 60 43 02 25

PR: Parand, RS: Rio Grande do Sul, SC: Santa Catarina, ES: Espirito Santo, MG: Minas Gerais, RJ: Ric de Janeire, SP: Sao Paule, DF: Distrito Federal, GO: Goids,
MS: Mato Grosso do Sul, MT: Mato Grosso, AL: Alagoas, BA: Bahia, CE: Ceard, PB: Paralba, PE: Pernambuce, Pl Piaul, RN: Rio Grande do Morte, SE: Sergipe, AC:
Acre, AM: Amazonas, AP: Amapa, PA: Pard, RO: Rondonia, RR: Roraima, TO: Tocantins

Figure 1. Mean water footprint inventory for live cattle in 2017 across Brazilian states in five regions. Values provided

are weighted by cattle liveweight (LW) in each of the states’ municipalities. Numbers represent the total LW in each
state (Mtonnes).
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Absolute Environmental Sustainability of Milk
Production in Brazil with a focus on climate change
mitigation
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1. INTRODUCTION

Brazil is the fourth largest producer of bovine milk in worldwide (35 million tons in 2022) (FAOSTAT, 2023). Given
the importance of the dairy sector, there is growing concern not only regarding the associated impact per unit of
delivered product, but also with respect to the impacts in absolute terms (Hjalsted et al. 2021). This study aimed
to assess the Absolute Environmental Sustainability Assessment (AESA) of climate change (CC) impacts for

different dairy production systems in Brazil.

2. METHODS

An assessment was carried out in 2021 on 314 dairy farms in Brazil, encompassing: compost-bedded pack barns,
free-stall, grazing, organic, and semi-confinement. All systems were approached from cradle-to-farm perspective,
with the functional unit of 1kg of fat and protein correction milk (FPCM). Biological allocation was applied to address
system multifunctionality using the OpenLCA v.1.11.3 software tool with background data extracted from the
ecoinvent v. 3.9 cut-off database. Greenhouse gas emissions were estimated and calculated according to IPCC
(2019) impact factors. The CC impact per kg FPCM of each production system was multiplied by the total annual
production of kg FPCM milk for the respective farms. This allowed for the determination of the total annual impact
of each milk production system. AESA approach (Hjalsted et al., 2021) was performed in two steps: 1)
downscaling: share of Safe Operating Space (SOS) was reduced to the individual level (SoSOSi) through the
principle of equal sharing per capita. Thus, the SoSOSi was the value of 0.52ton CO2 eq/capl/year (Bjorn;
Hauschild, 2015); and 2) upscaling: expansion of the SoSOSi value to the dairy farms. This calculation accounted
for the share of the Brazilian dairy sector (SoSOSs) by employing the Gross Domestic Product (GDP) of national
milk production as a proxy relative to the country's overall GDP. Thus, it was possible to calculate the SOS of the
farms (SoSOSf) using the percentage representation of the production of the analyzed farms into the share of
national milk production. Finally, Absolute Sustainability Ratio (ASR) was calculated by dividing the total current

impact by the farms' share of SoSOSf.
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3. RESULTS AND DISCUSSION

The Absolute Environmental Sustainability (ASE) was not achieved for any dairy production system (Table 1). This
implies that the current impacts of the farms surpassed the SoSOSs threshold quota. Among the evaluated
systems, the compost-bedded pack showed barn the lowest index (36.30), while the grazing (55.99) and organic
(59.84) system registered the highest, representing 22% of difference. Organic systems have specific
characteristics and can include both semi-confinement and grazing. A production system can only be deemed the
ASE if the ASR is less than or equal to 1, ensuring that the total impact of the farms falls within the assigned
S0S0S quota for farms. Hjalsted et al. (2021) also revealed a quota exceedance for the Indian and Danish dairy
sector, when applied ASR with the principle of equal per capita. In addition, given that enteric fermentation is one
of the main contributors to the impacts of CC, implementing actions to reduce the associated emissions can assist
in their reduction and bring the evaluated systems closer to the SoSOSs quota. Thus, for the systems to achieve

AS, the average CC impact across all production systems must be less than 0.022 kg CO2 eq/kg FPCM emitted.

4. CONCLUSIONS

In this assessment, we specifically focused on the ASR for CC, considering the different types of production
systems. The findings revealed that all evaluated systems surpass the SoSOSf share allocated for the farms.
Therefore, it is crucial to underscore those methodological choices, such as selecting sharing principles, can affect
in the results interpretation. Consequently, to mitigate uncertainties and enhance the robustness of future studies,
it is recommended to broaden the scope of analyses, including exploring alternative sharing methods and

incorporating more pertinent impact categories to the dairy sector.
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Table 1. Description of the results: climate change (CC) impact, total production of fat and protein corrected milk

(FPCM) and absolute Sustainability Ratio (ASR)

Production System

Total Total farm (kg
I\e/le/a;(n (L(gé?l\(/l))z Production (kg CO2 eq /kg ASR
i FPCM/year) FPCM/year)

Free-stall (n = 10)
Organic (n = 20)
Grazing (n =58)

Compost-bedded pack barns (n = 61) 9.80x10™" 71028366.77 5.43x107 38.30
1.09x10° 12221048.05 1.05x107 38.09
1.70x10° 5534280.32 7.44x108 59.84
1.80x10° 24299231.23 3.06x107 55.99
1.33x10° 60443202.18 7.07x107 52.08

Semi-confinement (n = 165)

Table 2. Variable data used for calculating ASR.

Variable value Unit Source
SOS/per capita (CC) 0.522 ton COz eq/capl/year Bjorn & Hauschild (2015)
Brazil's population 213317639. people FAOTAT (2023)
Brazil GDP 2021 9012141999300 R$ IBGE (_2021)
67987725000 RS https://www.ibge.gov.br

Milk GDP (value production)
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1. INTRODUCTION

Domesticated ruminants provide nutrient-dense foods and have high environmental impacts, but many ruminant
production systems also offer other ecosystem services (ES) in addition to foods (von Greyerz et al., 2023). Life
cycle assessments (LCA) of these systems often focus only on provisioning ES (e.g., beef and milk) (de Vries et
al., 2015), overlooking the non-provisioning ES. To address this issue, these can be included in the LCA and
handled by economic allocation, using compensatory payments from agri-environmental schemes as a proxy for
their economic value, reflecting society’s economic valuation of certain ES (Ripoll-Bosch et al., 2013). However,
the relationship between payments, ES, and livestock production is not straight forward, leading to challenges in
determining which payments to include and resulting in varied results. Therefore, we have examined how including
non-provisioning ES in LCA for the climate impact of beef and milk from Swedish systems is affected by different

coupling of ES to livestock production through payment schemes (von Greyerz et al., 2023).

2. METHODS

The climate impact was quantification using LCA for ten Swedish beef and/or dairy farms representing various
production systems. The impact was allocated across meat, milk and ES with economic allocation, using payments
through agri-environmental schemes as a proxy for the value of non-provisioning ES, since the farmers by these
payments are compensated for management practices that are beneficial for ES, e.g. maintenance of semi-natural
pastures. The payments were divided into three groups to investigate how different coupling of the ES to animals
through the payments affects the results. Group 1 included payments directly to the animals, group 2 also included
payments tied to animals but also affected by agricultural land, i.e. payments for organic animal husbandry, and

group 3 also included payments for the feed production (von Greyerz et al., 2023).
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3. RESULTS AND DISCUSSION

Including the non-provisioning ES, <1-48% and 11-31% of the climate impact was attributed to the non-
provisioning ES instead of the beef and milk, respectively (Figure 1 and 2). Suckler farms were the most affected.
Overall, payments in group 1 affected the results the most, 0-36%, but there was then still a large difference in the
climate impact between the farms. This difference became smaller when more payments in group 2 and 3 were
also included, affecting the results an additional 0-18% and 0-8%, respectively (Figure 1 and 2) (von Greyerz et
al., 2023).

4. CONCLUSIONS

The climate impact of beef and milk was substantially influenced by allocating emissions to the non-provisioning
ES. Which payments that were included affected the results, where payments most directly associated with the
animals have the greatest impact. The results using this method can be used for consumer communication and
decision making to reduce the risk of overlooking the value of ES provided by the production systems (von Greyerz
et al., 2023).
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Assessments.
Excluding Including non-prov. ES
Climate impact for beef, non-prov.
kg CO,e per kg CW ES Group 1 Group 2 Group 3
suckler A 39| 35(-11%) 2 Larger
Suckler B 36| 31(-13%) change
Suckler C 35 22 (-36%)
Suckler D 33| 29(-13%)  24(-26%
Suckler and dairy calves A 31 25 (-18%)
Dairy calves A 22 22 (0%) 22 (0%) 22 (-3%) Smaller
Dairy calves B 22 22 (0%) 22 (0%) 22 (-1%) Ehidhge
Dairy and dairy calves A 21 18 (-13%) 16 (-23%) 15
Dairy A 16 16 (-3%) 15(-8%) 15 (-11%)
Dairy B 16 15 (-4%) 14 (-10%) 13 (-18%)

Figure 1. Climate impact from beef per kg carcass weight (CW) from the different farms using the different grouping
of payments for allocation. The values in parentheses shows the percentage changes in the climate impacts for
beef from different farms, using the different groups for allocation compared to when the non-provisioning ES were

excluded from the allocation.

Excluding
Climate impact for milk, | non-prov.
kg CO.e per kg FPCM ES Group 1 Group 2 Group 3
Dairy and dairy calves A 12 1.1 (-13%) _ "2k
Dairy A 065| 063(-3%)  0.60(-8%) 0.58(-11%) change
Dairy B 0.96 | 0.93(-4%) 0.87(-10%) 0.79 (-18%)
Smaller
change

Figure 2. Climate impact from milk per fat and protein corrected milk (FPCM) from the different farms using the
different grouping of payments for allocation. The values in parentheses shows the percentage changes in the
climate impacts for milk from different farms, using the different groups for allocation compared to when the non-

provisioning ES were excluded from the allocation.
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1. INTRODUCTION

Kenya is the top milk producer in Africa, with 5.1 million dairy cattle and an annual yield of 4.1 billion liters (Kenya
National Bureau of Statistics, 2020). Dairy cattle farming is a major source of greenhouse gas emissions (GHGE)
in Kenya. The present study aims to (1) estimate the carbon footprint (CF) of dairy cattle farms in Kenya using a
farm gate Life Cycle Assessment (LCA) approach, based on data gathered directly from producers; and (2) identify

the hotspots of GHGE, and the ways of improving productivity with better environmental performance.

2. METHODS

Using LCA, we assessed the CF of small-scale dairy systems in Kenya. We applied a 100-year global warming
potential with the following values: 27.2 for methane (CHa4), 273 for nitrous oxide (N20), and 1 for carbon dioxide
(CO2) (IPCC, 2014). The system boundary was defined by the GHGE related to dairy farms in a “cradle to farm-
gate” perspective (Figure 1). The biophysical allocation approach delineated in the International Dairy Federation
(IDF) Global Carbon Footprint Standard for the Dairy Sector (IDF, 2022) was employed. Data were collected from
96 farms in Nandi and Uasin Gishu Counties. The analysis used IPCC guidelines (Gavrilova et al., 2019), and
local emission factors, with a functional unit of 1 kg fat and protein-corrected milk (FPCM). A principal component
analysis (PCA) was conducted to identify patterns among variables by applying the PCA procedure from the
FactoMineR package (Husson et al., 2015) included in the R program (R Core Team, 2018).

3. RESULTS AND DISCUSSION

The primary sources of GHGE were enteric fermentation (CH4) and manure deposited (CH4) on pastures contributing
70% and 80% of total GHGE in Nandi and Uasin Gishu, respectively. Feed production (CO2) and burning of fossil fuels
(CO2) ranked second reaching 25.5 and 15% of total GHGE in Nandi and Uasin Gishu respectively. The milk CF ranged
between 1.1 and 7.4 COzeq kgFPCM-" in Nandi, and between 1.2 and 6.3 CO2eq kgFPCM-" in Uasin Gishu (Table 1).
In both regions, farms with milk CF lower than 3.0 COz2eq kg FPCM-' showed higher milk productivity (3317 kg FPCM
cow! year') than the rest of the farms (2539 kg FPCM cow™ year"). This negative correlation was also confirmed by
the PCA analysis. The above was driven by the higher nutritional quality of the animal diet, specifically characterized by
higher levels of crude protein and Neutral Detergent Fiber (NDF) This emphasizes that the reduction of GHGE intensities

can be achieved by narrowing the productivity gap through the adoption of improved feed. s



Assessing the Carbon Footprint of Small-Scale Dairy Cattle Sustainable livestock systems (1)
Systems in Kenya, Africa: An Application of Life Cycle
Assessment Methodology.

4. CONCLUSIONS

As a prevailing pattern, the primary hotspots of GHGE in small-scale dairy farms in Kenya stem from the animals,
primarily attributed to enteric fermentation. Improving feed quality significantly boosts productivity and reduces the

milk CF. Thus, high-quality feed is essential for enhancing productivity and environmental performance.
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Table 1. Average values for the herd structure, cow productivity, external feed consumption rates, and milk carbon
footprint for 96 Dairy Farms in Nandi and Uasin Gishu Counties, Kenya.

Nandi County Uasin Gishu County
Average min max Average min max
Farm Area, ha 8.1 0.4 40.5 4.1 0.2 22.3
Herd structure, n (% of herd)
Cows 9 (52) 1 37 6 (54) 1 18
Female calves (01 year) 2(12) 0 8 2(14) 0 S
Male calves (0—1 year) 1(6) 0 3 1(8) 0 4
Female calves (1-2 years) 2(12) 0 10 1(8) 0 7
Male calves (1-2 years) 1(6) 0 7 1(8) 0 5
Heifers (23 years) 2(12) 0 9 1(8) 0 4
Steers (2-3 years) 0 0 3 0 0 2
Bulls 0 0 2 0 0 2
Milk production, kg FPCM? cow' year™ 2999.6 1050.0 5840.0 3052.1 1200.0 6000.0
Concentrate consumption, kg DM AU year'!
14.3 0.0 86.4 11.3 0.0 26.7
Cut and carry forages consumption, kg DM AU’
year" 33 0.8 7.9 4.4 1.6 9.0
Silage consumption, kg DM AU year” 105 0.0 37.1 20.4 0.0 115.3
Milk carbon footprint, kg CO2-eq kgFPCM-! 209 11 7.4 25 1.2 6.3

aFPCM: Fat and Protein Corrected Milk
PAU: Animal Unit (1 AU being either 1 cow, or 3.3 female and male calves less than 1 year, or 1.7 female and male calves 1—2 yr, or 1.3 heifers
2-3 yr, or 1.3 steers 1- 2 yr, or 0.8 bulls)

Inputs On-farm activities [ GHG emissions
1 I —
' I
1
1 Fossil fuels Farm management I
1 Fertilizers 1 Carbon dioxide
I Lime , - y y <! (cO,)
: Concentrates : " Animal : Methane (CH,)
1 Forages xerets Pastures H ELmad I Nitrous Oxide
. management ushbandry N.O
1 Silage I (N,0)
: Salt \ f I ar
1
! AN J
1 I
S —— L S B —————— |
System boundary

Milk (kg Fat and protein corected milk)
Live weight (kg of weaned calves and cull cows)

Figure 1. System boundaries and flows accounted for in the estimation of the impact categories in the small-
scale dairy farms in a “cradle to farm-gate” approach.
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1. INTRODUCTION

A close and direct relationship between farm efficiency and environmental sustainability is largely reported in the
literature (Lovarelli et al., 2019). So far, data on the environmental impact of small ruminants are scarce compared to
that on large ruminants and with a number of non-harmonised approaches and methodologies (Mancilla-Leyton et al.,
2023).

The aim of this work was to study the relationships between environmental impacts and farm efficiency of dairy sheep

production.

2. METHODS

A Life Cycle Assessment (LCA) procedure was applied to calculate the environmental impact of 10 dairy sheep farms
in the Tuscany region (a Mediterranean region in central Italy). The selected farms were spread across the Tuscany
territory and showed high variability in land area, flock size and milk production (Table 1). Three breeds are reared in
these farms: two autochthonous Italian breeds, ‘Sardinian’ and ‘Massese’, and the French breed ‘Lacaune’. LCA
performed complied with the ISO 14040-44 standards and the FAO LEAP guidelines (2016). The selected functional
unit was 1 kg of fat and protein corrected milk (FPCM), and the system boundary was "from cradle to farm gate". Primary
data referred to the cropping season 2021/22 were collected onsite through a specific survey, whereas secondary data
were taken from Ecoinvent 3.9.1 and Agrybalise 3.1 databases. Following the PEFCR for Dairy Products (2019), relevant
impact categories were assessed using Environmental Footprint 3.1 and the OpenLCA software. A correlation analysis
between environmental impacts and some farm efficiency variables was performed, setting the statistical significance
at p<0.05; in particular, the productivity (kg FPCM per year), feed self-sufficiency (%, dry matter produced on farm on
total dry matter intake, DMI), feed efficiency (kg FPCM kg DMI-') and protein efficiency (kg FPCM kg nitrogen intake-NI-

) were analysed.

3. RESULTS AND DISCUSSION

The results of the impact assessment are reported in Table 2. Although productivity is considered a priori as the main
driver for low emissions intensity (Gerber et al., 2011), in the present study, a significant correlation between impacts
and milk production was found only for Biogenic Global Warming Potential (GWPb), Erosion Potential (EP) and

1/3



Farm efficiency and environmental impact of dairy sheep. Sustainable livestock systems (1)

Groundwater Regeneration Reduction Potential (GRRP), which means that these impacts decrease as productivity
increases. Instead, significant correlations were found for the feed and protein efficiency and GWP, GWPb, ‘Particulate
Matter’, ‘Water Use’, EP, ‘Infiltration Reduction Potential’, ‘Physicochemical Filtration Reduction Potential’, ‘GRRP’, ‘Soil
Organic Carbon Reduction Potential’ and ‘Biodiversity Loss Potential’ (Table 2). Notably, ‘Freshwater Eutrophication’
was correlated only with protein efficiency. Finally, only for the impact category ‘Water Use’ the correlation has an
opposite trend, i.e. feed and protein efficiency increase as water consumptions increase. The explanation is that the

only three farms that irrigate crops are those with the highest efficiencies.

4. CONCLUSION

The results of this study suggest that feed self-sufficiency is not decisive in reducing the environmental impacts, while
feed and protein efficiency are relevant drivers of the environmental performance of the farms. These factors should
thus be carefully considered at both the farm and regional level when aiming to improve the sustainability of the dairy

sheep sector.
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1035-1048.
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Table 1. Main characteristics of the analysed farms.

Mean value Standard deviation Min Max
Farmland (ha farm-") 119.50 106.54 9.00 364.00
Total a"'“}‘;"s (n farm® 513.82 315.82 175.00 1014.00
Lactating sheep (n) 400.00 234.80 100.00 800.00
Milk production (t
FP%M farm™) ( 186 201 17 599
Feed self-sufficiency 78.87 20.74 38.10 100
(%) ' ’ '
Feed efficiency (kg
FPCM kg DMI") 0.42 0.14 0.25 0.63
Protein efficiency (kg
FPCM kg NI) 19.81 8.02 8.74 29.13
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Table 2. Environmental impacts and correlations analysis with farm efficiency parameters.

Impact assessment results Correlation analysis
Impact - Feed self- I_=e.ed P-ro_tein
categories Mean value Standard Min Max Productivity sufficiency efficiency efficiency
deviation (kg FPCM) (%) (kg FPCM (kg FPCM
° kg DMI) kg NI
GWP 2.41 1.15 0.88 4.09 ns ns ** e
GWPb 1.53 0.79 0.73 2.89 * ns ** e
FE 2.18 x 10 9.98 x 10°® 7.48 x 10°° 3.54 x 10* ns ns ns *
ME 517 x 103 3.10x 103 2.15x 10 1.21x 102 ns ns ns ns
TE 1.84 x 10" 1.00 x 107 6.00 x 102 3.00x 10" ns ns ns ns
AE 413 x 10 2.43 x 102 1.00 x 102 7.00 x 102 ns ns ns ns
PM 1.67 x 107 1.09 x 107 4.50x10°® 3.94 x 107 ns ns * **
ADP 7.76 3.62 2.51 11.62 ns ns ns ns
w 6.37 8.54 0.14 20.84 ns ns ** *
EP 11.05 6.82 3.42 23.39 * ns * o
IRP 5.70 3.05 2.52 9.56 ns ns * *
PFRP 1247.27 657.99 564.05 2040.33 ns ns ** *
GRRP 0.36 0.22 0.12 0.79 * ns * o
SOCRP 92.71 52.18 36.42 160.88 ns ns ** *
BLP 87.55 51.55 26.81 155.44 ns ns b e

GWP: Global Warming Potential (kg COz eq), GWPb: Biogenic Global Warming Potential (kg COz eq), FE: Freshwater
Eutrophication (kg P eq), ME: Marine Eutrophication (kg N eq), TE: Terrestrial Eutrophication (mol N eq), Acidification
(mol H* eq), PM: Particulate Matter (disease incidence), ADP: abiotic depletion potential (MJ, net caloric value), W:
Water Use (m® world eq. deprived), EP: Erosion Potential (kg soil/m?), IRP: Infiltration Reduction Potential (m?
water/m?) , PFRP: Physicochemical Filtration Reduction Potential (mol/m?), GRRP: Groundwater Regeneration
Reduction Potential (m® groundwater/m?), SOCRP: Soil Organic Carbon Reduction Potential (kg SOC/m?), BLP:
Biodiversity Loss Potential (PBR/m?), ns: non-significative correlation, * significative correlation per p<0.05, **
significative correlation per p<0.01, *** significative correlation per p<0.001.
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1. INTRODUCTION

Ruminants, including sheep, contribute significantly to methane emissions, thus resulting in high emissions per
kg of product. However, they can utilise plant material unsuitable for human consumption, thereby transforming it
into valuable, protein-rich food. Grazing also preserves cultural landscapes and can contribute to carbon
sequestration. Understanding the balance between these factors within the climate change context is crucial.
This study investigates the environmental impact of meat, milk, and wool production from sheep farming in

Norway and Slovenia.

2. METHODS

Data regarding inputs and production were sourced from eight sheep farms in central Norway and one farm in
the south-west of Slovenia, (Table 1). LCA-calculations were undertaken using the LCA software Umberto®, with
assess to the ecoinvent® database for incorporating emissions related to purchased inputs. On-farm emissions
were modelled in line with 1ISO standards and IPCC (2007, 2021) guidelines. Feed demand for animal groups
was determined for winter barn feeding and for the grazing period, based on energy requirements for main-
tenance, activity, lactation, pregnancy, growth, and wool. Allocation was biological based on energy demand for
meat, milk, and wool. Carbon sequestration estimates for grasslands were adapted from Chang et al. (2015). An
uncertainty analysis was conducted using Monte Carlo simulations for all input variables and emission factors to

ascertain their effect on the results.

3. RESULTS AND DISCUSSION

Norway’s longer winters limit the grazing period to 163 days, compared to Slovenia’s 240 days in (Table 1). This
results in increased demand for winter feed, thereby elevating emissions from e.g. machinery use and diesel
combustion. Moreover, Norwegian farmers purchased more concentrates. Climate gas emissions, calculated as
GWP100 (IPCC 2007), were comparable in both countries with 19.2 kg CO2-equivalents and 19.6 kg CO2-eq per
kg slaughter-weight, which is lower than the world average (Clune et al. 2017). Emissions related to the
production of edible energy from both meat and milk, were less in Slovenia, producing both milk and meat as
well as wool, at 1.00 kg CO2-eq/MJ, compared to 1.45 kg CO2-eq/MJ in Norway. Using GTP as the matrix, as

suggested by IPCC for the discussion to limit global warming (IPCC 2021), emissions were lower, and when in-
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cluding sequestration values (Chang et al. 2015) for both countries, the Norwegian production sequestered more
COz2 than they emitted (-0.57 kg CO2-eq/MJ), and Slovenian production was about carbon neutral (-0.02 kg CO2-
eg/MJ). The high uncertainty of carbon sequestration significantly influenced the calculated GTP100 emissions

per MJ edible energy.

4. CONCLUSIONS

This study offers insights into the balance between methane emissions, the ability to utilise areas not suitable for
direct food production by grazing to produce meat, milk, and wool, while sequestering carbon. Despite climatic
differences, both countries showed comparable greenhouse gas emissions as GWP100 per kg meat. Slovenian
farms, producing both milk and meat in addition to wool, demonstrate lower emissions per MJ of edible energy.
The GTP100 results emphasise that grazed areas can sequester carbon in an amount that can offset emissions
from sheep production, highlighting the potential of sustainable and responsible sheep farming in climate change
mitigating and emphasising the need for more knowledge on carbon sequestration in agricultural soils. The
positive effects from ruminants are only attainable when winter feed is produced with low emissions, and areas

are grazed predominantly where no industrial inputs are used, and carbon can be sequestered in the soil.
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Unit Commercial farms Vremséica ICSR

Country Norway (NO) Slovenia (SI)
Number n 8 1
Data year 2018-2020 2023
Altitude m above sea 50-600 800-1000
Farm area ha 29.4 260
Meadows ha 294 90
Grazing period days/year 163 240
Winter feed, main silages hey

kglyear 16,531 15,000
Concentrates kglewe 1156 35.7

Ilyear 2715 5000
Diesel /ha meadow 92.3 55,6
Animals
Breed Norsk kvit sau and Istrian pramenka
Old Norwegian Short Tail
Landrace

Ewes n 143 420
Liveweight kg/ewe 85 75
Lambs, born n/ewe 2.2 1.2
Breeding, replacement n/farm 55 75
Rams n/farm included in n. ewes 5
Production, annual
Lambs for slaughter n/farm 256 429
Sheep-milk litre/farm no milking 24,000
LCA-results
GWP1go (IPCC 2007)
allocated to milk kg CO2/kg milk no milking 2.27+0.18
allocated to meat kg CO2/kg meat’ 192+1.3 196+1.9
allocated to wool kg CO2/kg wool 42237 28.7+3.7
all edible energy kg CO2/MJ 1.45+0.1 1.00 £ 0.08
all edible energy kg CO2/MJ, sequestr. incl. 0.12+0.03 0.63 +0.14
GTP100 (IPCC 2021)
allocated to milk kg CO2/kg milk no milking 0.78 £ 0.06
allocated to meat kg CO2/kg meat' 10.11 £ 0.6 570+ 0.6
allocated to wool kg CO2/kg wool 21.8+1.7 109+15
all edible energy kg CO2/MJ 0.77 £ 0.04 0.34 +0.03
all edible energy kg CO2/MJ, sequestr. incl. -0.57 +2.8 -0.02 £ 0.11

' Slaughter-weight is used as weight of meat.
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1. INTRODUCTION

Dairy and beef production in highly developed, pasture-based livestock systems such as Denmark, United
Kingdom, New Zealand, France or Ireland are competing to achieve the lowest possible carbon footprints.
However, in most of these countries, this has not led to a decrease in national agricultural greenhouse gas (GHG)
emissions over the past decade owing to an expansion of more efficient production (Eurostat, 2024). In Ireland,
environmental targets are not being met, despite several readily available and well-researched farm level emission
mitigation measures (Henn et al., 2023; Lanigan et al., 2023). Here, we explore the out-scaling mitigation
measures from farm to national level in relation to achieving net-zero emissions across Ireland’s Agriculture,
Forestry and Other Land Use (AFOLU) sector by 2050. Focus is placed on integration of white clover (Trifolium

repens) into pastures, cattle herd profiles, grassland management, methane inhibitors and afforestation.

2. METHODS

GOBLIN, a bio-physical land balance model that builds scenarios to determine 2050 GHG emissions from the
AFOLU sector, is used with a modified version of the GLAM grassland model (Duffy et al., 2022, Henn et al., in
review). Based on data collected from 39 farms across Ireland in 2022 and 2023, a grass-clover yield response
curve was incorporated into GLAM. In addition to grass-clover, six other mitigation measures were modelled at
three different levels of ambition, resulting in a total of 2,187 scenarios: (1) different livestock herd compositions
keeping cattle protein production constant, (2) reductions of cattle slaughter ages, (3) applying nitrogen fertiliser
as protected urea, (4) increasing grassland use efficiency, (5) decreasing emissions sources and increasing sinks
within the land use sector through afforestation of spared grassland and rewetting organic soils, and (6) methane

inhibitors and slurry acidification.
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3. RESULTS AND DISCUSSION

Net-zero GHG emissions on a GWP100 basis were achieved in 120 scenarios, which required grassland sparing
of at least 1.5 million hectares (Figure 1). Despite this, the 2020 level of milk-plus-beef-protein output was
maintained. In scenarios with the lowest emissions, afforestation rates of up to 40,000 ha year" were required. If
afforestation rates were limited to 20,000 ha year™ (based on precedent), outlined mitigation measures were not
sufficient to reach net-zero emissions. The most important drivers to reduce net emissions were found to be
livestock numbers and tree species composition used for afforestation. Grass-clover swards and methane

inhibitors were the most effective mitigation measures for agricultural emissions.

4. CONCLUSIONS

A focus on reducing milk and beef footprints needs to be translated into attainment of national climate targets. In
Ireland, this will require grassland sparing from livestock production and a policy framework that supports
diversification of land use. Grass-clover swards can play an important role by reducing fertiliser inputs and
increasing productivity. Scenarios indicate that achieving net zero AFOLU emissions need not necessarily entail a
loss of protein production, but only if unprecedented levels of afforestation can be realised out to 2050. Could the
resources needed to maintain comparatively efficient bovine protein production in Ireland within future national
GHG constraints achieve greater mitigation if directed towards transformation of inefficient livestock systems in
developing countries?
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Figure 1. Preliminary scenario results from GOBLIN scenario analysis showing net greenhouse gas flux from Ireland’s AFOLU
sector in 2050 (y-axis) against area of grassland required for livestock production (x-axis) across 2187 scenarios.
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1. INTRODUCTION

Many livestock systems serve multiple functions by providing ecosystem services (ES) not typically considered in Life
Cycle Assessment (LCA) studies (Salvador et al., 2016). LCAs on cattle farming often focus on primary products like
beef and milk. So, integrating ES into LCA still remains uncommon due to challenges in modelling production systems,
gathering inventory data, and interpreting results (Alejandre et al., 2019). However, recent frameworks are approaching
such integration through combination of results applying economic allocation where non-provisioning ES are considered
as co-products of the system (Bragaglio et al., 2020; von Greyerz et al., 2023). RURALtXA! project (https://ruraltxa.com/)
promotes the rural bioeconomy by giving new value to extensive livestock grazing in mountain landscapes such as
those present in Galicia (NW Spain). This work compares different beef production systems: extensive, mixed and
intensive. The formers use forests and shrublands for grazing, differing in feed composition, external input intensity,
animal density and commercial orientation; while the latter relies on early weaning, milk replacers, and grain-based diets.
Economic allocation is used to integrate non provisioning ES to capture the complete picture of the environmental costs

associated to beef production (i.e. provision ES) from the different production systems.

2. METHODS

EM is an extensive grass-based system which relies on local well-adapted Cachena breed. Farms are usually small
(10-50 heads), production is not coupled to forage cultivation on the farm and the feeding of the calves is based on
breast milk, grass and forage. Pastures are characterized by their high productivity and minimal human intervention.
M-CON and M-SUP are mixed systems which complement grazing with a fattening phase on birth farm. Farms are
medium (50-150 heads) and adults (specialized beef breed Rubia Gallega) stay half of the year in extensive grazing
regime. The contribution of external inputs is low to moderate and the main difference relies on calf’s lactation period:
while M-CON calves are weaned at 3 months, M-SUP prolongs weaning until 7 months. Early weaning reduces interval
between calvings and wear on the suckler, and thus obtains a greater number of offspring per cow throughout its life, at
the cost of a greater feed intake to achieve the desired weight in calves. Benefits of late weaning lie on the reduced
external inputs to the calf.

IL represents an intensive production system that relies on surplus calves from dairy farms. Holstein breed is used and
calves are weaned at 14 days of life and transferred to feedlots. Breast milk is replaced by a milk replacer. The animals
are stabled throughout the fattening phase. The diet is based on 90% concentrated grain complement with variable
amounts of forage.

To characterize the four systems, interviews, questionnaires and field visits were conducted, and information
complemented when need with literature. 1kg of live weight (LW) was chosen as functional unit and a cradle to farm-

gate scope was applied.
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Direct emissions were obtained using IPCC 2019 guidelines complemented with national emissions and excreta factors
(MAPA, 2019). The World Food LCA Database (WFLDB) v3.5.1 (Nemecek et al., 2019) was applied as reference for
the agricultural products inventory, where food baskets and archetypes have been adjusted to the local systems
conditions. ReCiPe 2016 Midpoint (H) V1.08 was applied for the impact assessment stage and five impact categories
evaluated. Following the IDF (2022) , economic allocation was applied for milk (86.8%) and calves (13.2%) at IL. And
economic allocation was also applied to integrate non provisioning ES based on the Common Agricultural Policy (CAP)

2023-2027 payment schemes.

3. RESULTS AND DISCUSSION

Overall results match with Western Europe performance (Gerber et al., 2013). Environmental profile (Figure1) in EM is
influenced by low weight gain due to grass-based diets, while M-CON and M-SUP obtained lowest impacts by combining
grazing, on-farm forage and high weight gain at fattening phase. IL showed intermediate values due to weight gain but
penalized for high external feed inputs.

When considering non provision ES in the comparison (Table 1), EM reduces its overall impact by 49%, while M-CON
and M-SUP by 26 and 22%, respectively, and IL is not affected as only beef is produced there. EM achieved best
performance at 3 out of 5 categories, while IL ended obtaining worst performance at all. M-CON, M-SUP and EM
obtained similar results at LU and AP. These results are in line with previous literature that applied similar approaches

to ES integration.

4. CONCLUSIONS

The preliminary results here presented can guide rural promotion measures, such as strengthening grazing, adjusting
CAP payments or adopting sustainable feeding strategies for livestock. RURALtXA! is working to include cultural ES in
next integrations, as well as empirical regulating ES valuations rather than based on CAP payments. Also, the approach
applied (economic allocation) has several limitations as apply uniform reduction to all the impact categories evaluated,
spatial or temporal variability (which is inherent to ES) is ignored, and the valuation method is based on political decisions
and compensations for the loss of productivity of European agriculture rather than on empirical observations and ES

assessments.
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Figure 1. Characterized profile of the production systems before non-provisioning ES integration
Category Units EM M-CON M-SUP IL
FU: 1 kg LW Before After Before After Before After Before After
GWP kg COz2 eq 21.32 10.72 16.16 11.90 16.47 12.86 18.73 18.73
AP g SO2eq 118.47 73.98 85.28 70.96 118.47 73.98 85.28 70.96
EP gPeq 2.96 1.49 3.50 2.57 2.82 2.21 3.55 3.55
LU m2afio™ crop eq 22.93 11.53 14.03 10.33 13.97 10.91 17.70 17.70
wcC liters 72.23 36.31 336.44 247.80 205.04 160.13 476.68 476.68

Table 1. Characterized results before and after non-provisioning ES integration
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1. INTRODUCTION

The meat industry is one of the fastest-growing sectors in the food industry and a crucial economic factor
expected to rise from 897.5 billion U.S. dollars in 2021 to over 1.3 trillion dollars by 2027 [1]. This growing industry
has significantly contributed to improvingthe accessibility and affordability of meat products, gradually meeting
the needs of the increasing population. However, several studies have revealed that the meat sector is
responsible for numerous environmental problems, prompting a shift towards more sustainable strategies. While
sustainability encompasses environmental, economic, and social practices, few studies have assessed the
sustainability degree of the sector. Life Cycle Sustainability Assessment is a methodology that offers a
comprehensive approach to addressing the three pillars of sustainability: environmental, economic, and social
aspects [2]. The examined meat industry plant consists of the production process plant and a Wastewater
Treatment Plant (WWTP) installed on-site. The WWTP includes certain equipment, which is partially replaced
by several innovative processes, aiming to mitigate the energy and water consumption, while valorizing wastes.
The interventions include a wastewater reclamation system, anaerobic digestion to produce biogas for a
Combined Heat and Power system, and biodrying of sludge solid biofuel production. Using the LCA tools, the
new processes were assessed by evaluating different scenarios, regarding the proportion of wastewater

directed to the new treatment system.

2. METHODS

The analysis was conducted in OpenLCA, which is a LCA software. For the full sustainability assessment SOCA
v2 database is utilized, which combines PSILCA v3 and Ecoinvent v3.7.1 databases [3]. SOCA database allows
complete comprehensive assessment, because it takes into account all the three crucial dimensions of
sustainability. The functional unit used for the comparative sustainability LCA is 1 kg of meat products at gate.
The boundaries of the system analyzed focus on the meat industrial processing and the waste treatment, thus

the impacts of the pig farming phase, the consumption and the end-of-life phase are not considered.
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3. RESULTS AND DISCUSSION

The assessment emphasized on four environmental impact categories closely aligned to the goals of the
interventions, on four key social risk indicators for the social assessment and on the economic evaluation. Firstly,
a comparison between the base case and the scenario where 50% of the wastewater were directed to the
interventions system was conducted through an LCSA, which revealed significant environmental, social and
cost alleviation. More precisely, a substantial reduction of Freshwater Eutrophication and Human Carcinogenic
Toxicity indicators was observed (i.e., 25.9% and 31.5% respectively), while a milder, but still important
decrease of the impacts associated to Global Warming and Fossil Resource Scarcity was noticed (i.e., 9.2%
and 8.8% respectively). Similar behavior was identified in the endpoint impact categories, achieving critical
reductions in the range of 6.3% to 18.2%. As far as the social aspect is concerned, for all the social risk
categories considerable reduction was accomplished varying between 33.7% to 37.0%. Regarding the
economic view of the interventions, a major cost saving of 484,484€ was reached. To study the impact of each
intervention, three scenarios were created with varying proportions of wastewater directed to the new treatment
system. The interpretation of the results demonstrated that for higher percentages of wastewater treated in the

interventions, the environmental, social and economic categories were all improved.

4. CONCLUSIONS

Consequently, the sustainability assessment has determined that achieving sustainable developmentrequires
significant modifications and interventions in the meat processing industry. By introducing the new treatment

system in the meat production process, the sustainability of the industry is overall highly promoted.
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1. INTRODUCTION

Meat from wild boar (Sus scrofa) and other game are often claimed to be climate-smart meat alternatives, since
game is considered an elementary flow from nature, and emissions arising from farming such as feed production,
digestion, and manure handling, are avoided. Compared to other meats, very few studies have quantified the
greenhouse gas (GHG) emissions of game meat. In a previous report, we assessed the GHG emissions of meat
from wild boar and fenced fallow deer (Behaderovic & Berglund 2019). The results indicated relatively low GHG
emissions from wild boar meat compared to other meats, but the results were based solely on three case studies
from Sweden. In this study, we have improved the analysis by including a larger geographical dataset and more
parameters. We have also refined the method by including the impact of damage caused by soil uprooting and
elaborated on allocation procedures for dividing emissions arising from hunting activities between meat and other

benefits that hunting provides.

2. METHODS

The purpose of this study was to quantify the GHG emissions of Swedish wild boar meat, reflecting a national
average and, as far as possible, provide results that are comparable with other types of meat. Hence, the method
and functional unit (1 kg of edible meat exiting the game handling facility) are adapted to facilitate comparability.
The system boundary included transportation to and from the hunting area, hunting activities, support feeding and
enteric fermentation coupled to support feeding, and activities at the game handling facilities. Data was mainly
based on national statistics regarding culled wild boars, edible yield, number of hunters and hunting trips per year.
GHG emissions from hunting were fully allocated to the meat, i.e. not considering other benefits of hunting such

as recreation or crop protection. However, a sensitivity analysis was conducted on allocation choices.

3. RESULTS AND DISCUSSION

The GHG emissions of wild boar were calculated to be 5 kg CO2e per kg of edible meat, varying between 2 and 8
kg COze per kg meat in a best- and worst-case scenario, respectively, Figure 1, which can be compared to 4 kg
CO:ze per kg edible meat for Swedish domestic pigs. The higher value is explained by the high input demands for
generating 1 kg of wild boar meat, compared to farmed pig meat where the inputs are divided by a large meat
output. Most emissions arise from transportation of hunters in passenger cars/vans to and from hunting areas.

The result is highly determined by the distance driven per kg of meat. Compared to domestic pigs, the results are

1/3



Hunting for meat with low greenhouse gas Sustainable livestock systems (1I)
emissions- a case study of wild boar in Sweden

associated with high variation, as a result of differences between regions in terms of driving distances, amount of

meat obtained per hunter and day, etc.

The study also approached the aspect of quantifying damage effects caused by uprooting. While the extent of
damage was quantified, the effect converted to kg of carbon dioxide equivalents per kg of wild boar meat was not
included in the main results, as we concluded that this cannot be considered anthropogenically caused emissions.

4. CONCLUSIONS

There is potential to reduce the GHG emissions of wild boar meat. One important measure is to reduce the number
of km driven per kg of meat, e.g. through more hunters per car or a more efficient hunt. Further, a transition to
fossil-free transport by switching to biofuels or electric cars, would enable GHG emissions close to zero. Emissions
unavoidable for farmed animals, such as methane and nitrous oxide from digestion and manure, are generated to
a very little extent by wild boar. However, the emissions can also increase significantly if few wild boars are killed,

if the slaughter yield is low and/or if many long-distance hunters participate.

This study only assessed GHG emissions, and it is worth emphasising that boar meat generates several other
benefits. Animal welfare can be considered good as the animals live in the open and no antibiotics are used. In
addition, hunting generates recreational value and is needed to control the growing wild boar population. Hence,

from a resource perspective, it can be argued that it is important to make use of the meat.
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1. INTRODUCTION

Considering the importance of pig farming for rural and regional development in various Brazilian states, it
becomes essential to conduct studies that seek to link assessments of environmental performance to the economic
performance of pig production. Due to the urgency of this theme in livestock chains, especially in swine farming,
this study aimed to evaluate the Eco-efficiency of the productive process of a post-weaning piglet-producing
property. The Eco-efficiency was analyzed using the Economic Value Added as a measure of the environmental

performance of the activity, both assessed for the functional unit of 1 kg of live weight of piglet.

2. METHODS

The present study analyzed the Eco-efficiency of confined piglet production in the post-weaning phase, ranging
from 5 to 30 kg, with a stay of 45 to 50 days in the phase. To estimate environmental impacts, the results of
greenhouse gas emissions from the Life Cycle Assessment of the production process were used. Economic
performance was measured using the Economic Value Added of production. Seven production cycles

corresponding to one year of production were evaluated.

3. RESULTS AND DISCUSSION

Overall, the evaluated system showed negative Eco-efficiency (Table 1). Achieving a positive Economic Value
Added should be a long-term goal of the activity, aiming at reinvestment in the business to finance technologies
and management practices that mitigate environmental impacts (Prates e Bandeira, 2011; Alencar et al., 2019),
thereby achieving the expected Eco-efficiency of production. It was observed that the combination of weight gain
and days in the phase as a performance indicator has the potential to improve productive Eco-efficiency.
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4. CONCLUSIONS

Finding the balance between these two indicators (LCA and EVA) should be the goal of post-weaning piglet
production. Evaluating environmental and economic aspects separately is not sufficient to assess the sustainability
of a business. From the perspective of joint economic and environmental assessment, eco-efficiency has proven
to be a decision-making support tool. Furthermore, the use of Life Cycle Assessment in Eco-efficiency analysis

enables swine farmers to identify critical points for improvement in achieving sustainability in their activities.
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Batch EVA/ kg WG ($) CO2eq./ kg WG Eco-efficiency ($/ kg CO2eq.)
1 -0.0339 9.2669 -0.0037
2 -0.0624 7.9142 -0.0079
3 -0.0296 10.8569 -0.0027
4 -0.0456 9.5643 -0.0048
5 -0.0636 9.9021 -0.0064
6 -0.0815 13.825 -0.0059
7 0.0018 9.3389 0.0002

Table 1. Evaluation of the Eco-efficiency of post-weaning piglet production.
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1. INTRODUCTION

There is an increasing demand from governmental bodies, industry, supermarkets and consumers to understand
and reduce the climate impact of food. This is particularly true for meat products. Nonetheless, farmers have no
insight in their environmental impact and do not know which climate measures are feasible and effective at their
farm. Additionally, the Flemish government’ is actively enforcing the reduction of nitrogen emissions from pig farms.
Through co-creation with all involved stakeholders (farmers, scientists, government, meat processors, farmers’
union, feed industry, extension officers, etc.), we developed an LCA-based farm-specific climate scan and action
plan for pig systems (Klimrek) in Flanders, Belgium. The focus lies on the carbon footprint and how to reduce it,
but we include additional impact categories to identify trade-offs. For the acidification/eutrophication impact,
ammonia emission reducing techniques? (e.g., air scrubbers and specialised housing systems) can play a

significant role but are often overlooked. The Klimrek scan accounts for the effect of these techniques.

2. METHODS

The LCA-based climate scan for pig systems consists of an inventory that is completed by a trained consultant
during a company visit. Data is collected on feed purchases and production, herd composition, manure
management, energy use and water use. Greenhouse gas emissions were calculated using IPCC 2019 guidelines?®
complemented with Flemish-specific data. National emission factors and reduction percentages are used to
account for ammonia emission reducing techniques, which were endorsed by an independent scientific body?. The
average livestock density of six animal categories (piglets, farrowing sows, dry and pregnant sows, fattening pigs,
boars and gilts) has to be known for each housing system present at the farm. The system boundary ends at the
farm-gate. The functional unit is expressed per kg live weight to the slaughterhouse. After the climate impact is
calculated, the consultant proposes climate measures to reduce this impact. Other impact categories are shown

on a dashboard to visualize potential trade-offs associated with the proposed climate measures.
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3. RESULTS AND DISCUSSION

Five scans were completed for the year 2021. For the year 2022, the scans at those five farms were repeated and
four new scans were completed. In total, there are 14 scan results for nine farms.

Figure 1 shows the climate scan results for the nine farms. When looking at the average of the 14 scans, feed
(purchase and production) accounts for 65% of the total impact. For this reason, several climate measures that
are advised to the farmer are related to optimising the feed conversion ratio. For example, a first quantification at
one of the farm shows that fattening intact boars instead of castrated boars (which improves the feed conversion
ratio*) reduces the climate impact with 3.36%.

The second most contributing subsystem is manure storage with 22%. This subsystem showed an increase in
impact for four farms that were scanned for 2021 and 2022 because of the rising temperatures, leading to a higher
methane conversion factor® for slurry.

Figure 2 shows the effect of taking ammonia emission reduction techniques into account for the acidification impact.
For Farm 2, we saw an increase of 35% when we took the reduction of air scrubbers and specialised housing

systems out of the equation. This highlights the importance of taking these types of techniques into account.

4. CONCLUSIONS

The scan primarily focusses on the carbon footprint of the farm. Nonetheless, it is important to give a complete
and correct message to farmers in order to enable effective and sustainable environmental trajectories. It is
therefore necessary to also include other environmental impacts if one wants to avoid trade-offs and comply with

a wide range of policies — such as those related to nitrogen pollution and their corresponding mitigation techniques.
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Figure 1. Climate scan results for 14 scans conducted for years 2021 and 2022 at nine pig farms in Flanders, Belgium using the
Environmental Footprint 3.1 (adapted) V1.00-method.
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1. INTRODUCTION

Globalization has contributed to the increase in animal products consumption and associated environmental
pressures (Lassaletta et al., 2014). Livestock production is a major contributor to the greenhouse gas (GHG)
emissions from the global food system, with a large share of feed being traded internationally (Xu et al. 2021).
Identifying the sourcing regions, import mixes, and major feedstocks is not easy as supply chains are opaque and
complex. This study assesses cropland footprints (LFPs) and carbon footprints (CFPs) of global feed demand in
2013-2020.

2. METHODS

We employ a new Multi-Regional Input-Output model based on FAOSTAT (2024) that traces agri-food supply
chains up to food, feed, and non-food uses of 640 products in 181 countries for 2013-2020. Further conversion
steps are not covered for meat, dairy, and non-food products. LFPs are calculated under the Leontief approach,
applying mass allocation. LFPs capture the total harvested areas needed to produce feed products, considering
all intermediate inputs used upstream and their origin. The CFPs are derived from LFPs, countries’ feed imports,
and GHG emissions from crop production (on-field and input production emissions). N2O and CH4 emissions from
crop residues decomposition, burning crop residues, and paddy rice production are taken from FAOSTAT. N20O
emissions from synthetic fertilizer application are estimated based on average fertilizer doses in 2016-2019
(FAOSTAT 2024; IFA, 2024) and IPCC 2006 Tier 1 coefficients. GHG emissions from fertilizer and pesticide
manufacturing are obtained from FAOSTAT. Fertilizer origin is assumed from FAOSTAT fertilizer export and import

data.

3. RESULTS AND DISCUSSION

In 2013-2020, total crop-based feed consumption was 51.6 Gt (compared to 62.9 Gt for food), with China
accounting for 10.1% (5.2 Gt vs. 1.72 Gt in EU). The global share of imported feed over total consumption was
~14% through the period. Major grain-producing countries (e.g., Argentina, Brazil, Russia, Australia, USA) show
feed import dependencies <5% across years, in contrast to e.g., China (>18%). EU countries rely on imported
feed crops to a larger extent: e.g., >40% for Netherlands; >30% for Spain and Ireland; >20% for Austria. EU’s

imported feed share increased from 13.4% in 2013 to 17.8% in 2019. Grass fodder, maize, maize forage, and
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alfalfa are the major feedstuffs used worldwide. The largest trade flows are soybean cake from Brazil and USA to

China, and brewing or distilling waste from USA and Canada to China.

China has the largest LFP across the period (78.8 Mha on average), followed by India (37.4 Mha), USA (33.6
Mha), Russia (20.5 Mha), and Brazil (19.0 Mha) (Fig. 1). In the EU, the largest LFPs are for Spain (9.2 Mha),
Germany (7.5 Mha), and France (6.5 Mha). Similarly, the largest CFPs (COzeq) are estimated for the leading feed
consumers, being on average: 130.9 Mt for China, 44.7 Mt for India, 36.7 Mt for USA, 20.6 Mt for Brazil, and 14.5
Mt for Indonesia (Fig. 2). When estimated per unit of feed consumed, the largest CFPs (t CO2eq t™) are found for
countries in Sub-Saharan Africa and Southeast Asia, e.g., Guinea (0.76), Madagascar (0.53), and Myanmar (0.41)
(Fig. 3). These countries use broken rice and rice residues for animal feed in large amounts, with a relatively high
GHG emission intensity (tCO2eq ha™). It must be noted that CFPs are only associated with primary production
and exclude emissions from agricultural machinery operations and industrial processing (work-in-progress).
Fertilizer production emissions and CHa from rice respectively account for the largest CFP shares in Fig 2. and 3.

4. CONCLUSIONS

Animal feed is highly dependent on the production and trade of agricultural commodities. Crop demand for feed
applications has been on the rise in the period 2013-2020, with a relative increase of ~8%. Approximately 14% of
the global feed demand is met with imports. This also translates into cropland and GHG emissions associated with
crop production being virtually traded from producer countries to the destination countries where feed is ultimately

consumed. The largest LFPs and CFPs are found for major livestock producers (China, India, USA, Brazil).
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1. INTRODUCTION

There is a worldwide consumption of over 10 million tons of coffee annually, with approximately 2.52 million tons
being consumed in Europe. It is estimated that each kg of coffee consumed generates 2 kg of wet Spent Coffee
Grounds (SCGs), a sub-product considered food waste (San Martin et al., 2023). SCGs, due to its chemical
composition, serve as a rich source of sugars, proteins, oil and lignin, components that are valuable in applications
such as animal feed production (Stylianou et al., 2018). However, it’s worth noting that, nowadays, approximately
46% of the total SCGs end up in landfills (San Martin et al., 2021).

The goal of this study was to assess the environmental impact of the valorisation of SCGs as a dehydrated feed
ingredient for sheep livestock, an innovative management approach for this sub-product. Furthermore, the results
were compared with the environmental impact generated by landfilling and incineration of SCGs.

2. METHODS

The assessment of the environmental performance of the different management systems was conducted following
a Life Cycle Assessment approach in order to stablish system boundaries that allow setting a starting point for the
comparison between systems. The functional unit was defined as 1 metric ton of managed SCGs, and the system
boundaries were defined as follows.

A gate-to-gate of the valorisation plant approach was selected for the valorisation as dehydrated feed ingredient
for sheep livestock. An innovative and low energy demanding drying process was included (San Martin et al., 2023)
and the impact resulting from the substitution of other feed ingredients was carefully considered.

A gate-to-grave approach was used for the landfilling and the incineration. In the first case, the gate of the landfill
was considered and long-term emissions from the aerobic decomposition of organic material were included. In the
second, the gate of the incineration plant was considered and burning of organic material in industrial furnace was
included.

The 16 environmental impacts assessed were selected following the PEF methodology.
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3. RESULTS AND DISCUSSION

The valorisation of SCGs as feed ingredient involves an energy-intensive process that has a notable impact on
the environment (+ 208 kg CO:2 eq.). However, the addition of this sub-product to the formulation of the feed
prevents the cultivation and production of ingredients such as oat grain and rapeseed meal (- 936 kg CO:2 eq.)
and, therefore, the overall environmental impact of the proposed management approach is calculated to be
negative (-728 kg CO2 eq.) (Table 1). A significant reduction is observed when comparing the calculated
environmental impact with that of the current management options (landfill and incineration). It is worth mentioning
that opting for the proposed management alternative could lead to a reduction of 1500 and 778 kg of CO2 eq. per

ton of SCGs compared to landfilling or incineration, respectively.

4. CONCLUSIONS

The results of this study have demonstrated that valorisation of SCGs as livestock (sheep) feed ingredient is more
sustainable than current waste management practices (landfill or incineration). Further environmental gains could
be achieved if the impact of the consumed energy is reduced by, e.g., shifting towards renewable sources of
energy.
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Table 1 Environmental impact characterization of the valorisation of 1 ton of SCGs as dehydrated livestock
(sheep) feed ingredient

Impact Category Unit Valorisation of Processing ._Substit_uted
DSCG DSCG ingredients
Climate change kg CO2 eq -7,28E+02 2,08E+02 -9,36E+02
Ozone depletion kg CFC11 eq -1,35E-05 1,97E-05 -3,32E-05
lonising radiation kBqg U235 eq -4,05E+01 6,16E+00 -4,67E+01
Photochemical ozone formation kg NMVOC eq -2,52E+00 2,45E-01 -2, 77E+00
Particulate matter disease inc. -1,56E-04 2,37E-06 -1,59E-04
Human toxicity, non-cancer CTUh -1,31E-05 1,72E-07 -1,32E-05
Human toxicity, cancer CTUh 1,54E-07 2,50E-08 1,29E-07
Acidification mol H+ eq -1,75E+01 3,47E-01 -1,78E+01
Eutrophication, freshwater kg P eq -3,81E-01 6,01E-03 -3,87E-01
Eutrophication, marine kg N eq -4,07E+00 5,70E-02 -4,13E+00
Eutrophication, terrestrial mol N eq -7,45E+01 6,06E-01 -7,51E+01
Ecotoxicity, freshwater CTUe -1,35E+05 1,04E+03 -1,36E+05
Land use Pt -1,60E+05 1,05E+02 -1,60E+05
Water use m3 depriv. -6,56E+04 3,67E+02 -6,60E+04
Resource use, fossils MJ -6,43E+03 3,15E+03 -9,59E+03
Resource use, minerals and metals kg Sb eq 3,32E-03 2,17E-04 3,10E-03
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1. INTRODUCTION

Laying hen feeds are traditionally formulated to minimize economic costs subject to nutritional constraints.
Optimization of feed formulations for both environmental and economic objectives could lead to large reductions
in impacts without commensurate increases in feed price ' which may translate to large impact reductions in
Canadian egg production systems, where feed is an environmental impact hotspot 2. This work develops a multi-
objective optimization model for Canadian laying hen feed formulations, taking into account carbon footprint and
economic costs. Regionalized sourcing of potential ingredients is considered, taking into account regional
differences in ingredient production practices, estimated soil carbon dynamics and transportation-related impacts

and costs.

2. METHODS

Regionalized carbon footprint models representing production of possible ingredients in Canadian laying hen feed
were developed based on current best publicly available data 3#, or derived from third-party life cycle inventory
databases. Economic data on ingredient procurement and transportation costs were sourced from the literature.
Greenhouse gas emissions, and costs associated with production, procurement, and transportation of potential
ingredients to a reference feed mill location were quantified using the CML-IA Baseline impact assessment method.
Optimization was performed using the Non-Dominated Sorting Genetic Algorithm 11 ®, subject to constraints on hen
nutritional requirements, and maximum allowable ingredient inclusion rates. Both single- and multi-objective

optimizations were performed to investigate how the optimal formulation may change given different objectives.
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3. RESULTS AND DISCUSSION

Preliminary results indicate a distinct trade-off between economic cost and environmental impacts. When
optimizing for lowest cost, feed formulations include large amounts of high-impact animal co-products, and other
ingredients that have low procurement and transportation costs, such as those produced closer to the feed mill
location. When GHG emissions are incorporated, almost all animal co-products are removed, with ingredients
preferentially sourced from regions predicted to be sequestering carbon dioxide in agricultural soils, despite their
relatively higher costs associated with transportation. Depending on how different objectives are prioritized, feed
formulation optimization including environmental impacts could result in reductions in GHG emissions per tonne
of eggs from approximately 7 — 73% (figure 1). Optimization including GHG emissions may even result in carbon-

negative feeds, depending on the methodological choices made regarding modeling of soil organic carbon fluxes.

4. CONCLUSIONS

Optimal feed formulations accounting for GHG emissions and economic costs may lead to large reductions in
carbon footprint per tonne of eggs produced. Future model refinement is necessary to take into account a larger
array of constraints, particularly related to hen health, additional environmental impact categories, and to

incorporate low-impact, alternative ingredients such as black soldier fly larvae, and valorized food waste products.
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1. INTRODUCTION

Recently, Egg Farmers of Canada made a commitment to reach net-zero GHG emissions status by 2050 '. One potential
strategy for reducing environmental impacts, including GHG emissions, is the extension of lay cycle lengths beyond the
current 52-week average, which is considerably shorter than industrial production norms elsewhere in the world 2. If lay
persistency and egg quality can be maintained, increasing productivity could lead to reductions in environmental impacts
3. This analysis therefore sought to investigate the potential changes in environmental impacts associated with extension

of Canadian lay cycles from 52 to 100 weeks in length.

2. METHODS

Predictive models were generated for productivity, mortality, feed and water consumption, and losses due to
deteriorating egg quality for hypothetical lay cycles of each length from 53 to 100 weeks in caged and cage free
production systems. These models were developed using a combination of primary data from Canadian and U.S. egg
farmers, scientific literature, and relevant hen breed management guides. Different strategies for filling data gaps, data
augmentation, and predictive frameworks were explored to determine the combination best suited for the available data.
The predicted data were used to generate LCA models of Canadian egg production in caged and cage free systems for
lay cycles of each length from 53 to 100 weeks, and environmental impacts per tonne of eggs sold were estimated using
the CML-IA Baseline impact assessment method. A sensitivity analysis was performed in which cumulative losses were
assumed to be zero for all cycle lengths to investigate the degree to which observed trends in impacts per tonne of eggs

were driven by increases in cumulative losses as hens age.
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3. RESULTS AND DISCUSSION

Predictive modeling revealed that, as cycle lengths increase, rate of lay and feed consumption per bird are expected to
decrease, while cumulative losses are expected to increase. Despite the predicted decreases in individual feed
consumption, predicted decreases to rate of lay and increasing losses as hens age resulted in net losses to feed use
efficiency at the flock level. This led to net increases in environmental impacts per tonne of eggs sold (figure 1) as lay
cycles were extended. While impacts related to pullet inputs were predicted to decrease as cycles extend due to
increased productivity, these decreases were more than offset by increases in feed-related impacts. When cumulative
losses were assumed to be zero across all cycle lengths, the magnitude of increases in impacts from 53 to 100 weeks
was reduced (figure 2), but the trend of increasing impacts with cycle lengths persisted, suggesting that maintenance of
rate of lay is the key determining factor in the efficacy of lay cycle extension as an environmental impact mitigation

strategy.

4. CONCLUSIONS

These results suggest that extension of lay cycles beyond current norms may not be an efficacious strategy for improving
environmental sustainability outcomes in the Canadian egg industry, unless considerable improvements with respect to
maintaining lay persistency and egg quality are achieved. Further expansion of this project is currently proposed to
integrate data from Canadian farms currently operating extended lay cycles to compare estimated impacts generated
from predicted, and real-world data. Potential economic and social impacts, including animal welfare impacts, must also
be assessed to further examine the efficacy of lay cycle extension as a sustainability improvement strategy for the

Canadian egg industry.
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1. INTRODUCTION

Life cycle assessment (LCA) and ecosystem services assessment (ESA) are often used for environmental
evaluation. LCA is a product-based method commonly used to assess negative impacts of human activities,
whereas ESA is ecosystem-based and focuses on positive effects. According to LCA, high-input animal-production
systems tend to perform better per unit of product than low-input ones (van der Werf et al., 2020), whereas it is
presumably the opposite for ESA (Dumont et al., 2018). The choice of the assessment framework can therefore
have major implications on the choice of the most pertinent animal production system to produce human edible
proteins, in the global agri-food system. Here, we applied both assessment frameworks to a range of contrasting

meat production systems to assess the extent of their presumable antagonism.

2. METHODS

We used a selection of twelve contrasting French meat-production systems from the Agribalyse 3.01 database.
We selected two ruminant species (sheep and cattle) and two monogastric species (chickens and pigs), and used
Agribalyse inventory data to estimate the LCA environmental impacts of the systems, using OpenLCA 1.11
software and the Environmental Footprint (EF) 3.0 method. We also used the inventory data to describe the range
of land covers involved in the animal production, e.g. cropland, temporary or permanent grasslands. We calculated
the areas of each land cover type required to produce one kg of human edible protein (m2yr) and from these areas,
we estimated scores of provisioning and regulating ecosystem services (ES). We defined the provisioning ES
score as the inverse of the total area*time used to produce one kg of protein; and the regulating ES score as the
average score of all covers, weighted by their area*time. The score of each cover was defined based on an
extensive literature review and expert adjustment, following the methodology by Campagne and Roche (2018).
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3. RESULTS AND DISCUSSION

We found that the mean environmental impact of ruminant meat per kg edible protein was higher for all the usual
LCAEF midpoint categories (Tab. 1), which is consistent with numerous previous studies (e.g. Poore and Nemecek,
2018). We also found very distinct land covers for both types of animal, with ruminant systems requiring larger
areas of land than monogastric systems (Tab. 1). As a result, monogastric systems had on average higher
provisioning ES scores than ruminant ones (Tab. 1). However, ruminants had grasslands in their land cover profile,
whereas monogastrics mostly had croplands. As grasslands have higher regulating ES scores than croplands,
ruminant systems had higher mean regulating ES scores than monogastric ones (Tab. 1 and Fig 1). We thus

observed that animal types had opposite trends in terms of LCA impact and regulating ES.

4. CONCLUSIONS

Our results confirm the antagonism between the LCA and ESA results for our meat production systems. They
indicate that evaluations based on LCA or ESA only would be incomplete, and stress the urgent need to reconcile
these frameworks, as they can guide decision-making in opposite directions. Some methods have been proposed
over the last decades by academics in this aim (e.g. (Boone et al., 2019)), but as far as we know, they are not yet
fully deployed.
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Table 1. Land covers and combined environmental assessment of the studied meat production systems per kg of
human edible protein

Meat production systems Ruminant Monogastric
Mean land covers (from Agribalyse inventory data)
Total area per kg human-edible protein (m?yr) 856 62
% Grasslands (temporary and permanent) and meadows 0.90 0.03
Ecosystem Service Assessment
Mean provisioning ES score (-) 0.25 2.61
Mean regulating ES score (-) 242 1.15
Life Cycle Assessment (mean of a selection of EF Method 3.0 indicators)
Acidification (mol H+ eq) 3.53 0.90
Climate change (kg CO: eq) 279.68 31.84
Human toxicity, cancer (CTUh) 6.06E-08 3.27E-08
Human toxicity, non-cancer (CTUh) 1.97E-06 1.67E-06
lonising radiation (kBg U-235 eq) 4.58 3.08
Ozone depletion (kg CFC11 eq) 4.32E-06 1.78E-06
Particulate matter (disease inc.) 2.35E-05 6.15E-06
Photochemical ozone formation (kg NMVOC eq) 0.34 0.08
Resource use, fossils (MJ) 351.31 188.74
Resource use, minerals and metals (kg Sb eq) 8.52E-05 3.32E-05
Water use (m? depriv.) 44.52 32.64

4 Pastoral
lamb org. y =-0,53In(x) + 1,59
R2=0,93
Dairy cull Lowland D vetems
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Figure 1. Ecosystem service scores of the twelve studied meat production systems. Org. organic, conv. Conventional.
LU: Livestock units. “Label Rouge” is a French line of products of quality.
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1. INTRODUCTION

A report estimates that 10-50 million tons of food will be saved in distribution if the Internet of Things (IoT) is
implemented in 50-75% of developed countries' supply chains by 2030. Innovative technologies are often
presumed to prolong the shelf life of perishable foods, but the intricate relationship between the sensor-based
system and losses reduction and their embodied environmental consequences is not well understood due to
uncertainties in environmental conditions (e.g., temperature) along the value-added chain. Therefore, this study
aims to provide a computer-simulated multi-commodity accounting framework to quantify food loss and waste
(FLW) savings and their environmental impacts potentially by stage by product from digital sensor-based solution

in China's fresh food chains.

2. METHODS

Figure 1 provides a snapshot of a standard food supply chain, highlighting the path of fresh food as it travels from
suppliers to retail stores until consumers. Our study introduced a shelf-life prediction model that describes fresh
food’s shelf life as a function of temperature and time based on the Arrhenius law. We calculated FLW avoidance
between the novel Dynamic Shelf Life (DSL) and the traditional Fixed Shelf Life (FSL) systems by evaluating the
extended usable life of various food categories under optimal conditions under the process-based Life Cycle
Assessment (LCA) approach. The percentage of waste savings for different life-cycle stages is shown in jError!
No se encuentra el origen de la referencia.. The objective enabled a comprehensive understanding of the
potential impact of DSL systems on reducing FLW in the context of perishable food chain in China. The function
unit was defined as its waste reduction used 1-ton products avoided (“farm-to-retail”) and then scaled up to the
total input of fresh produce and the corresponding output for the China food system. Food consumed in households

or during out-of-home consumption was excluded from our computations.
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3. RESULTS AND DISCUSSION

3.1 Food waste estimation

Figure 2 displays the percentage of avoided food waste for various food categories, including vegetables, fruit,
meat, fish & seafood, and dairy (milk). Food waste avoidance in vegetables is primarily distributed between 6.1%
to 8.2% (Q1-Q3). This suggests a moderately narrow distribution with consistent food waste prevention methods
applied for this category. However, variance occurs among avoidable food waste categories, which could stem

from different storage conditions, product types, or inconsistencies in quality control.
3.2 Climate change impact of FLW savings

This abstract only displays the greenhouse gas impacts of FLW savings. As shown in Figure 3, the DSL system
showed significant potential in reducing the carbon footprint (CF) associated with FLW across the food supply
chain in China. A reduction of approximately 58.73+10.46 MtCO2-eq was observed, which is around 9.4% of
China’s FLW-associated CF and 6.4% of total CF from the Chinese agricultural system. Notably, the largest
contributions to CF reduction came from beef, fish & seafood, and pork.

4. CONCLUSIONS

A critical aspect of this study is the comparison between DSL and FSL, revealing that DSL could reduce food
waste to some extent. On a national scale, the implementation of a sensor-based DSL system in China’s fresh
food chain could potentially avoid approximately 58.73+10.46 MtCOz-eq annually.
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Figure 2 Avoided food waste rate of different food categories Figure 3 Estimated climate change mitigation due to FLW
avoided by sensor-based DSL system in China

Table 1 Avoided food waste rate along the FSC based on the sensor-based DSL system

Category  Production, % Post-harvest, %  Storage, % Trans & Distri., % Retail, %

Vegetable 5.95 6.4 4.0 4.1 6.45 +1.30
Fruit 5.95 6.4 4 4.1 5.54 +1.22
Meat 1.33 1.22 1.44 2.43 4.31+0.56
Aquatic 2 3.33 0.79 4.08 4.14+0.54
Milk 0.3 0.6 0.77 2.89 3.4311.78
Eggs 0.66 0.41 0.65 2.35 6.53+1.63
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1. INTRODUCTION

Annual GHG emissions from food waste (FW) in the UK was estimated as 27 Mt CO2zeq, accounting for 5.9% of
national GHG emissions (Jeswani et al. 2021). Anaerobic digestion (AD) can not only produce biogas for
renewable energy but also nutrients from digestate, which can mitigate GHG emissions (Chozhavendhan et al.
2023). Perspective assessments of strategies can support decision making for policies and investments (Adrianto
et al. 2021), while consequential life cycle assessment (cLCA) method has been suggested as one of the methods
(Weidema et al. 2018). However, studies of cLCA application on FW management with resources recovery in the

UK’s AD industry is not well established to inform decision-making.

2. METHODS

This study follows ILCD guidance (European Commission 2010), defining the goal as to assess impacts of climate
change, freshwater eutrophication, terrestrial acidification, and water consumption of the proposed resource
recovery (RR) solution, supporting decision making for UK’'s FW management with the AD. The scope of this study
covers AD activities and RR processes, as shown in Figure 1 (system boundary). The AD activities include FW
collection and pretreatment, biogas production and use, and water use for equipment management. The RR unit
designed by the project NOMAD (https://www.projectnomad.eu/), consists of solid-liquid separation, antibiotic
removal, and nutrient recovery processes, to generate organic fertiliser and water. Two scenarios were established,
a Business-As-Usual (BAU) scenario and a RR scenario. BAU scenario includes the AD activities, and the
pasteurised liquid digestate was delivered for storage and land application. RR scenario also covers the AD
activities, but the digestate is treated in the RR unit. Generated water was used onsite while recovered nutrients
(organic fertiliser) were applied to lands. The RR unit was powered by electricity produced by biogas. The surplus
water and power were exported to the market. The functional unit (FU) is processing one tonne FW. The
environmental impacts were assessed, following the ReCiPe 2016 method (Huijbregts et al. 2017). The average
data for foreground of the system boundary was collected from the AD plant, project NOMAD, and literature, while

marginal data from Ecoinvent database (Wernet et al. 2016) was used for the background.
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3. RESULTS AND DISCUSSION

The overall results show that, with the proposed RR solution, FW management with the AD in the UK has more
environmental advantages than the BAU scenario in all studied impact categories (see Figure 2). Introducing the
RR unit brings negligible impacts for FW management with the AD. Turning digestate into organic fertiliser, the RR
scenario saves impacts caused by digestate storge, reducing impacts of 4.5 kg CO2eq/FU and 1.8 kg SO2eq/FU.
Credits claimed for avoidance of mineral fertiliser in the RR scenario are more than that in BAU scenario for all
impact categories, due to high-quality organic fertiliser produced. Exported water can further offset impacts for
water consumption impact categories (-0.3 m®/FU).

4. CONCLUSIONS

This study assessed the environmental impacts of a novel solution for FW management with the AD, and better
environmental impacts were observed. Recovering nutrients and water from digestate can reduce impacts by
avoiding digestate storage and offset impacts by credits claimed for exporting high-quality organic fertiliser and

water. However, further studies are recommended to provide insights economically and socially.
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1. INTRODUCTION

The environmental impacts of our food system are substantial, and a great share of this can be attributed to food
that is being lost and wasted (FAO, 2014, Poore and Nemecek, 2018). Reducing Food Loss and Waste (FLW)
along the supply chain and at the consumer level is put forward as one of the main solutions to reduce our dietary
impacts (Willett et al., 2019). To better evaluate our dietary impacts, the present paper analyses methodological
approaches for assessing the environmental impact of diets and dietary scenarios, and how FLW can be
considered in the calculations.

2. METHODS

The impacts of the food we eat, have to be calculated based on the premise that a higher amount of this food
needs to enter the post-harvest chain in order to account for FLW. When calculating dietary impacts, decisions on
which dietary data source is used to formulate a diet and which system boundaries are chosen for the assessment
determine which Food Quantities (FQs) travel through the food chain, how impacts are calculated and how FLW
is being included in the calculations (Table 1). The aim of this scenario analysis was to show how these decisions

affect the FQs that spread along the food chain and thus affect the calculated impacts.

3. RESULTS AND DISCUSSION

As shown in the left part of Figure 1, impacts of a food availability-based diet are calculated for a FQ equal to this
Food Availability Amount (FAA). In a cradle-to-retail approach, impacts are calculated for FAA at retail-gate (where
usually food expenditure amounts appear). Next, if Supply Chain FLW (SC-FLW) would be considered, an
additional amount of food is assumed to enter at farm-gate to obtain the FAA at retail-gate, which does not
correspond to reality, resulting in too high FQs and thus an overestimation of impacts. If SC-FLW would not be
considered, an amount equal to FAA enters the food chain at farm gate. However, this approach would then assign
all supply chain impacts to the whole of FAA. In reality though, not all FAA reaches the retail-gate as a share of
FAA ends up as SC-FLW. Those FQs that go wasted, accumulate only a share of the supply chain impacts. The
moment they become FLW, an additional waste treatment impact is to be expected. Depending on where along
the chain the food ends up as SC-FLW and how big the waste treatment impacts are, the calculated impacts would
under-/or overestimate real impacts. Using the cradle-to-farm approach avoids this issue as it places the FAA at

farm gate, right where it belongs. However, both approaches would underestimate real impacts as not all life cycle
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stages are considered (left part of Figure 1). Even though the cradle-to-mouth approach would include all life cycle
stages, the fact that this would place the FAA at the consumer-gate (and not at farm-gate where it belongs) would

result in an over- or underestimation of the impacts.

With food intake data, the FQ for which impacts are calculated refers to the consumer-gate (case study not
depicted here). Using a cradle-to-farm/retail approach would place these FQs at farm- or retail-gate resp. Using
the same line of argumentation as above, only a cradle-to-mouth approach which considers Consumer FLW (Co-

FLW) and SC-FLW, would result in an accurate calculation of the dietary impacts.

4. CONCLUSIONS

The environmental assessment of diets is based on a range of methodological decisions. The interplay between
the dietary data sources a diet is built on, the chosen system boundary and whether or not FLW is considered in
the assessment, determines for which FQs impacts are calculated and how impacts are assigned to these FQs.
Only a cradle-to-mouth assessment of a diet based on food intake data and which considers both Co-FLW and

SC-FLW, would result in an accurate dietary impact calculation.
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Table 1. Dietary data sources used for defining a diet: food quantities included in each of the data sources and entry points in the food chain the
total food quantity refers to.
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Figure 1. Case study of using food availability data to formulate a diet: flow of food quantities (FQ) for each of the three system boundary choices
and for each choice of inclusion of supply chain or consumer FLW (resp. SC-FLW and Co-FLW) in the assessment. Dotted arow lines hereby stand
for likely consequences, for which the outcome is not certain.
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1. INTRODUCTION

This study aims at quantifying the environmental impact of food losses and waste in the context of a broader
project that the government of Catalonia (North-Eastern Spain) is running since 2019. The list of products
assessed in the project is the following: apple, peach, pear, orange, zucchini, tomato, artichoke, UHT whole cow
milk, fresh whole cow milk, plain yoghurt, and fresh pork meat. However, due to abstract length constraints, its

content focuses on the dairy sector only. The presentation in the conference will encompass all products assessed.

2. METHODS

The functional unit of the study was 1 kg of final product (UHT milk, pasteurized milk, and plain yoghurt), excluding
packaging weight. The scope of the study was from cradle to retail gate, including industry and distribution centres.
For each product and stage, an inventory was developed from primary data (2022) collected through interviews,
online questionnaires, field visits, and literature following the PEFCR of Dairy Products (European Commission,
2018). Secondary data were retrieved from Ecoinvent 3.9 (Wernet et al., 2016) and Agribalyse 3.1.1 (Asselin-
Balencon et al., 2020). Food waste was quantified using the same sources consistently (CREDA-UPC-IRTA et al.,
2024 under review). The environmental assessment was performed using the Environmental Footprint method
v3.1 (European Commission, 2013).
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3. RESULTS AND DISCUSSION

Focusing on climate change, farms contributed with around 65% of the impact for plain yoghurt and around 80%
for UHT whole milk production (Table 1). The industry stage was the second largest contributor to climate change
(15% to 25% of the total). All the impact to the water use category comes from the farm stage. This is explained
by the water recovery with a water treatment plant in industry stage, resulting in a small irrelevant water loss.
Focussing on farm stage, due to their optimisation in the use of resources and other technological improvements,
the impact of producing raw milk in farms with greater capacity is lower than the ones with less than 140 heads of
livestock (approximately 0.3 kg COz2 equivalent more per kg of fat protein corrected milk for the smaller farms). In
this stage the processes with a larger contribution to the environmental impact are the feed and fodder production,
the enteric fermentation emissions, the manure management emissions, the diesel consumption, and water
consumption. Regarding food losses and food waste, a greater amount of milk losses occurs in industry stage
during milk processing (mostly because of internal quality milk analysis, errors in product labelling, and sanitary
causes). The industry stage has a greater contribution in three impact categories, all of them specially related to

the use of different types of energies and plastic packaging.

4. CONCLUSIONS

Project results show that farm stage is the one with the greatest contribution in 11 out of 16 environmental
categories except for plain yoghurt production, for which it is the greatest in 9 out of 16. In consequence, efforts
to improve environmental impact should start in this stage, for example, applying best available techniques to
reduce emissions or considering different feed ingredients to improve animal production environmental
performance. On the other hand, although the industry stage is not the major environmental impact contributor per
kg of product, it is the stage in which a greater milk loss occurs, efforts should be made to improve the milk

processing chain.
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Table 1. Cumulative impact of kg of product, food losses, and food waste for climate change and water scarcity

for each milk product and stage included in 2022 in Catalonia.

Product Stage Climate change (kg CO: eq) Water use (m® depriv.) (user
deprivation potential, deprivation-
weighted water consumption)

Unit Per kg of Per the total Per kg of Per the total
product lost or | amount of food | product lost or amount total
wasted losses or waste wasted tons of food
produced along losses or waste
the production produced along
and the production
distribution and
chain distribution
(accumulated) chain
(accumulated)
Farm 117 9.61E+06 7.84 2.19E+11
Industry 1.38 2.14E+07 7.55 1.17E+08
UHT Milk
Distribution centre 1.40 1.22E+05 7.56 6.59E+05
Retail 1.42 9.55E+05 7.58 5.09E+06
Farm 1.17 9.61E+06 7.84 2.19E+11
Pasteurized Industry 1.47 2.04E+07 7.57 1.05E+08
orfresh Milk | p;ctribution centre 1.50 1.64E+05 7.65 8.39E+05
Retail 1.58 2.56E+05 7.73 1.25E+06
Farm 1.17 9.61E+06 7.84 2.19E+11
Industry 1.66 2.37E+07 7.48 1.07E+08
Plain yoghurt
Distribution centre 1.73 1.56E+06 7.58 6.83E+06
Retail 1.80 5.89E+05 7.64 2.49E+06
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1. INTRODUCTION

Food waste remains a major sustainability challenge of our time, characterized by high environmental burdens as
food is often the end product of complex processing and supply chains. Furthermore, landfilling is a common
method of disposing of food wastes, which generate potent greenhouse gases (GHGs) and significantly
exacerbates climate change. On the other hand, feed use has been identified to contribute the largest share of
the environmental impacts of livestock production (Turner et al., 2022). The direct valorization of food wastes to
livestock feed therefore has the potential to reduce the environmental impacts of both food waste disposal and
livestock production. There exists a lack of case studies evaluating the environmental performance of such
systems operating at a commercial scale. This study aims to fill that knowledge gap by evaluating a direct grocery

food waste to poultry feed production system based in the US through Life Cycle Assessment (LCA).

2. METHODS

This study follows the procedures of the ISO 14044 standard for LCA. The goal of this study is to quantify the
environmental performance of a commercial scale grocery food waste to poultry feed valorization system in
Pennsylvania and evaluate the environmental impacts and benefits of using the product for conventional egg
production in Canada. The system boundary for this study is cradle to egg farm gate as depicted in Figure 1. The
functional unit is 1 tonne of eggs produced on conventional Canadian egg farms. Foreground data was collected
directly from the feed product manufacturer. Background data were obtained from Ecoinvent, Agrifootprint 6.3, and
the European reference Life Cycle Database (ELCD). Conventional Canadian egg production activities were
modelled as per Turner et al. (2022). The 6" Assessment Report of the Intergovernmental Panel on Climate
Change (IPCC ARG6) characterization factors were used for Global Warming Potential (GWP) impact assessment.
The TRACI 2.1 impact assessment suite developed by the US EPA was used for acidification, eutrophication, and
fossil fuel depletion impact categories. The GWP emissions were reported over 20-year (GWP20) and 100-year
(GWP100) time horizons. Parameter uncertainty was quantified using the pedigree matrix and monte-carlo

simulation. Contribution analysis was used to identify hotspots, and strategies to mitigate impacts were discussed.
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3. RESULTS AND DISCUSSION

The optimal rate of inclusion of the valorized food waste feed inputs into conventional feed was determined to be
5% by weight based on a feeding trial conducted by the manufacturer. At the 5% inclusion rate, emissions per
tonne of eggs produced dropped by ~15.5% and ~8% for GWP20 and GWP 100 respectively, as shown in Figure
2(a). These reductions were primarily due to avoided landfill GHG emissions. Acidification emissions dropped by
~8% as shown in Figure 2(b), and eutrophication emissions dropped by ~11% as shown in Figure 2(c). However,
fossil fuel depletion increased by ~58% as shown in Figure 2(d). This large increase in fossil fuel depletion was
primarily driven by three hotspots: natural gas use, grocery waste transportation, and electricity use in the
Pennsylvania-based valorization system. Use of more efficient transportation and route planning, and renewable

energy sources such as biogas, hydro or wind electricity could mitigate these hotspots.

4. CONCLUSIONS

The direct valorization of food waste to poultry feed was found to hold significant potential to drive down the climate
burden of Canadian conventional egg production. Such systems can be further optimized by substituting fossil

fuels with clean renewable energy and more efficient transportation.
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1. INTRODUCTION

The growing population raises serious challenges for the agricultural system due to the increasing food demand.
To satisfy this demand modern approaches allowing to improve the food productivity and quality are constantly
developing. However, around a third of produced foods is lost or wasted contributing to the pressure on the
environment and food insecurity’. To address these issues, Sustainable Development Goal 12 developed by
United Nations proposes multiple targets including halving per capita global food waste by 2030. The foodservice
sector plays an important role in attaining this target since it has great potential in reducing food waste. However,
there is a lack of studies related to the hotspots regarding the environmental and economic impacts of food waste,
which hampers the development of appropriate management strategies. Thus, the main purpose of the present
work is to assess the environmental and economic impact of the waste generated in the restaurant sector as well
as to model the impact of different strategies allowing waste reduction from the eco-efficiency perspective.

Additionally, the factors affecting the implementation of waste reduction strategies were explored.

2. METHODS

Data acquisition related to food waste generation was carried out in an independent high-end hotel restaurant in
Montreal (Canada). The environmental impact and economic burden of the generated food waste were assessed
according to ISO 14045 and its specifications. The Life Cycle Assessment was used to evaluate the environmental
impacts associated with food waste the value component of the eco-efficiency was the food waste costs associated
with FW itself and with the implementation of food waste reduction strategies (FWRS). To study the factors
affecting the implementation of FWRS, semi-structured interviews with sixteen independent restaurant owners,

managers and head chefs of the province of Quebec were conducted.
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3. RESULTS AND DISCUSSION

The categorization of food waste generated in the independent restaurant under the study taking into account its
quantity demonstrated that more than 50% of it is represented by vegetables followed by meat at about 10%?.
However, when looking at the food waste costs and environmental impacts vegetables represent about 30% and
10% respectively and meat represents about 20% and 70% respectively. The major part of this waste was
generated at the preparation level followed by the plate waste. The 20 FWRS aiming to have economic and
environmental benefits were modelled. The most interesting FWRSs in the long term were planning the menu to
reuse FW, setting up a co-creation workshop, conducting food waste training for staff and adding working time to
reuse FW (economic benefits can attain almost 5000 $ while reducing greenhouse gas emissions of about 1000
kg of CO2 eq. in 6 months). The interviews with the restaurant owners, managers and head chefs revealed multiple
factors affecting the FWRS implantation including consumer perception of certain strategies, senior management
vision, staff qualification, lack of time and issues with infrastructure®. The restaurant type was identified as a key
element allowing to distinguish the best way of operationalizing the reduction of food waste. For instance, a
corrective approach requiring qualified staff and allowing a high waste recovery and reuse is mostly suitable to the
fine dining restaurant types while a preventive approach is needed less experienced staff requires thorough menu

planning and food waste mitigation management.

4. CONCLUSIONS

This study demonstrates the relevance of assessing the environmental and economic pillars of food waste
generated in the foodservice sector. The presented eco-efficiency look on food waste generation and reduction
strategies seems to be promising in order to operationalize sustainable practices in independent food restaurants.
Further studies should focus on other foodservice types and understanding the factors affecting the food waste

generation and strategies of its management in each particular context including the regional specificities.
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1. INTRODUCTION

Climate change, population growth and loss of arable land threaten the resilience of global and
local food systems. Recent events have further exacerbated pressures on agriculture and trade,
leading to a rise in food prices worldwide. Urbanizing food production is one of the hot topics in the
food industry. Vertical farms (VF) are one approach. It is often claimed that indoor VFs can produce
significantly more food per square meter than traditional farming methods, while using less water,
no soil, no chemical pesticides, and being independent of the outdoor climate. Despite these
potential benefits, VFs require large amounts of electricity, technological equipment, and
infrastructure to provide suitable conditions for plant production. The VF industry is challenged to
further improve production efficiency to reduce the environmental impact of its products and bring
them to market at competitive prices. The environmental impacts of VF production of culinary herbs
are currently being investigated as part of a science-based innovation project aimed at optimizing

the production efficiency and plant quality of a Swiss VF.

2. METHODS

A life cycle assessment was conducted to evaluate and compare the production of Italian basil
(Ocimum basilicum) in a Swiss VF and conventional open field and greenhouse production. A
standard packaging unit of 20 g of basil, packaged at retailer was defined as functional unit (FU).
The studied VF has a production capacity of approximately 20 tons of herbs per year on a
cultivation area of 600 m2. The system model includes infrastructure, lighting, irrigation and air
conditioning, energy supply, fertilizer, harvesting, packaging, and transportation to the retailer.
Information and data provided by farm operators, as well as calculations made by the authors, were
used for system modeling. The global warming potential (GWP) was calculated according to IPCC
2021". The total environmental impact was calculated according to EF 3.12. The results of the GWP

analysis and selected EF impact categories will be presented at the LCA Food Conference.
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3. RESULTS AND DISCUSSION

The GWP of current basil production in the analyzed system is at 0.14 kg CO2-eq/FU with electricity
consumption and packaging (cardboard packaging with plastic window) being the main drivers of
GWP impacts. Electricity consumption is responsible for almost 30 % of the GWP, even though a
mix of 100 % renewable electricity is used in production. If the average European electricity mix
were used instead, the GWP would rise to 0.7 kg CO2-eq/FU (see

Figure 1). This underscores the critical role that the type of electricity mix used to operate the VF
plays in the GWP of the manufactured products. Compared to conventional production methods
and different countries of origin, basil from Swiss VF production has a lower GWP than basil
imported by air over a distance of 2800 km and with a Radiative Forcing Index (RFI) of 3 applied
to the stratospheric CO2-emissions during the flight. However, the GWP is higher than for basil
imported by road from Spain or basil grown in Switzerland during the summer months (see Figure
2). To enhance the unit economics of the product and enable competitive vertical farming, it is
essential to improve production efficiency. Process optimization and increase in energy efficiency
could lead to further impact reduction and lower production costs. But even if production targets
are met, the global warming potential is likely to be significantly higher than that of conventionally

grown basil, unless it is imported by air or grown in greenhouses heated by fossil fuels.

4. CONCLUSIONS

While the GWP of open field or unheated greenhouse production will still be significantly lower than
the GWP of VF, further reductions in greenhouse gas emissions would further reduce the impact of
VF production. Energy efficiency and renewable electricity mixes are critical factors for VF
production. Even small amounts of electricity generated from fossil fuels will inevitably lead to a
significant increase in GWP. The cardboard packaging has a significant impact on the footprint of
kitchen herbs due to its weight relative to the weight of the contents. Switching to lighter weight

packaging could further reduce this footprint.
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Figure 1: Left: Contributions of components and processes to the global warming potential (GWP, IPCC 2021) for current VF production
of 20 g of basil, packaged at retailer in Switzerland. Right: Comparison between the GWP impact of current VF production using electricity
from 100 % renewable sources and production using the European electricity mix (ENTSO mix).
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Figure 2: GWP of 20 g of basil, packaged at retailer, for different production methods and origins. GWP of vertical farm (VF) production at
different stages of the research project is shown in green.
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1. INTRODUCTION

Urban Agriculture (UA) presents as a promising strategy to improve urban resilience, food security, and
sustainability through innovative practices like rooftop greenhouses (RTG) and indoor vertical farms (VF). Lettuce
is a popular cultivation crop in the Mediterranean area, a base product of the food basket, and has high losses in
transportation.. However, to date, an environmental assessment comparing several lettuce production systems in
the Mediterranean area has not been conducted before. This study aims to calculate and compare the
environmental impacts of these Urban Agriculture production soilless systems (RTGs and VFs) with the traditional
food production in soil systems, a conventional greenhouse system (GH), and an open-field lettuce crop. Moreover,
we aim to provide a range of circular strategies to improve UA systems, taking profit of their improved controlled

environment that facilitates the recirculation of urban streams.

2. METHODS

We used Life Cycle Assessment (LCA) to identify the environmental impacts in the different life cycle stages of the
four lettuce production systems. For the UA systems, inventory data was retrieved from on-site measurements on
the RTG and VF facilities, whereas secondary data was used to model the impacts of GH system (Martinez-Blanco
etal., 2011) and the OF system (Foteinis & Chatzisymeon, 2016). The LCIA Scores tool (Mufioz-Liesa et al., 2024),
based on Brightway2, has been used to calculate impact assessment results using Ecoinvent 3.8 as a background
database. The functional unit considered: 1 kg of lettuce delivered at the market gate, considering yearly average

productivity rates to cover seasonal variations.
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3. RESULTS AND DISCUSSION

Preliminary results show that there is not a specific system that produced higher overall in the environmental
impacts categories. However, in the climate change category, results indicate that lettuce production systems from
UA systems produced impacts between 2,12 kg CO2 eq/kg of lettuce (VF) and 1,08 kg CO2 eqg/kg of lettuce (Figure
1). Regarding the VFs impacts, these were mainly due to the electricity requirements for both LED lightning and
HVAC systems. To this respect, RTG benefit from the hosted building waste heat and thus, it is not actively heated.
These impacts do not have a significantly lower environmental impact than the traditional production system in the
Mediterranean area (with 0,66 kg COz2 eq/kg of lettuce for the OF and up to 2,02 for the GH system). This can be
provably explained with the difference of agricultural settings and because of the different maturity levels of the
compared systems. Further results will provide circular and improvement measures to further analyze the potential
improvements.

W Pesticides

Transport
10 Transport Materials
’ - 0,613 B Transport to Market
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Figure 1. Climate change impacts per kg of lettuce for all assessed systems

4. CONCLUSIONS

This study shows that the local lettuce production of UA in the Mediterranean area does not compensate for the
transport impacts of traditional food production systems. However, further research is needed to determine if UA
can be greatly optimized when it changes to a large industrial scale.
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1. INTRODUCTION

As an agricultural sector, viticulture has a responsibility to identify its impacts in order to address the most
significant impact contributors. Built on a methodological framework for the application of LCA for a detailed
assessment of practices in viticulture (Renaud-Gentié, 2015), the framework proposed by Czyrnek-Deletre et al.,
(2018), permits, through the use of typologies elaborated with the farmer, the calculation of an LCA at farm level,
taking into account the diversity of practices and environmental conditions of the different plots. We tested this
framework for ecodesign of viticultural practices at farm scale and to explore the applicability of the ecodesign

levers with the farmer.

2. METHODS

In an 80-ha domain producing mainly rosé wines in the Anjou region, France, a main pathway of technical
operations (PTO) i.e. his most common way of managing his vineyard (T1) and six secondary types of PTO (T2
to T7) were identified with the wine grower by highlighting what differed from the main type (Table 1). The plots
were identified on the farm map to define their slope (2 classes) and clay content (3 classes), which influence
direct emissions. This resulted in 13 types after crossing PTOs and environmental conditions (Table1). Based on
the detailed inventory of practices implemented in 2018, 2019 and 2020, the life cycle inventories and LCAs were
calculated for the 13 types using the VitLCA® calculator (Renouf et al., 2018) and ILCD 2011 characterisation
method, with selection of 6 impact categories. The ecodesign levers were identified and new PTOs were

ecodesigned for the main type to be proposed to the farmer and their possible implementation discussed with him.

3. RESULTS AND DISCUSSION

The different impacts are not sensitive to the same levers (Figure 1). For example, climate change is mainly
sensitive to PTO (fuel use), while freshwater eutrophication reacts mainly to variations in environmental conditions

(slope, related to erosion of phosphorus).

We focused the ecodesign on the T1-50- type ( 53% of the vineyard area). The major contributors to its impact
were: 1) fuel combustion (machinery operation) for resource depletion, climate change, and photochemical ozone
formation, 2) the production and emissions of the organic fertiliser, when applied, freshwater ecotoxicity (heavy

metal emissions) and climate change (nitrogen emissions); and 3) pesticide production, mainly copper, glyphosate
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and disodium phosphonate. Pesticide emissions, mainly from copper-based products, are the first contributor to
freshwater ecotoxicity impact.

The ecodesigned strategies targeted the main contributors, considered as ecodesign levers, 1) Replacing fossil
fuel tractors, where possible, with two types of electric tractor or robot (scenarios 1 and 2); 2) Changing the
pesticide active ingredients to less ecotoxic substances (limiting copper) in scenario 3 and the use of a confined
sprayer to minimise the use and drift of pesticides in scenario 4; 3) An optimised scenario 5 implemented a
combination of levers.

On this latter scenario, the net reduction in impacts ranges from 11% for freshwater eutrophication to 75% for
freshwater aquatic ecotoxicity, and includes 20% for climate change, 36% for resource depletion and 55% for
photochemical ozone formation. Only water consumption is increased by using electrical machines, due to of

lithium batteries.

4 . CONCLUSIONS

This first approach shows the effect of practices and vineyard characteristics on LCA impacts at the farm scale,
and the efficiency of the ecodesign levers. It needs to be completed by ecodesign of fertilisation and the effect of
the environmental characteristics of the plots on the results, and the discussion of the proposed solutions with the

winegrower.
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Sustainable cropping systems (l)

Fuel use (I/haly) Manual work (h/ha/y)
Clay Slope | Area
Type Type of vineyard management content | g p 2018 [ 2019|2020 | 2018 | 2019 | 2020
o | 0 | )
1-7- - -
! 1 =main PTO, i.e. 10 pest management 0-7 0-5 3,6
1-13- Joperations+ organic fertilisation every 2 years | 7-13 0-5 23 90 88 88 134 128 128
1-50- |+ 12 other mechanical operations + manual 13-50 | 0-5 | 423
N .
150+ operations + mechanical harvest 1350 | 510 | 5.8
2 |2 =main PTO + mechanical tillage 13-50 | 0-5 3,5 117 | 110 | 111 133 128 128
3-7- . . 0-7 0-5 0,8
3-50- |2 main PTO + manual harvest 3 times 1350 | 05 | 48 | 99 | 95 | 96 | 284 | 278 | 278
including machinery use
3-50+ 13-50 | 5-10 3
4 |#=Main PTO + manual harvest including 1350 | 5-10 | 1,0 | 120 | 116 | 116 | 234 | 228 | 228
machinery use
5-13+ ) ) 7-13 5-10 | 1,2
5=main PTO + more manual operations 92 88 88 194 188 188
5-50- 13-50 | 0-5 6,1
6 6 = main PTO.+ mechanical tillage +more 713 0-5 1.6 17 L1z | 113 194 188 188
manual operations
7 7= main PTO + mechanical tillage + manual 13-50 0-5 4 145 | 138 | 139 | 234 228 278
harvest incl. mach. use
Total for the farm 80 | 7780 | 7436 | 7474 | 13012 | 12540 | 12540

Table1 : Characteristics of the types of vineyard management and of the plots’ environment, and fuel and
labour use for the three years studied.
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Figure 1. Comparison of the thirteen types of pathways of technical operations of the farm for six impacts
categories (average of the three years). Standard deviation on the three years is indicated by the bars
(ILCD 2011, FU: 1ha of vineyard cultivated for one year).

Ecotoxicité de 'eau douce

CTUe
g
m?3 water eq

3/3



14th International 8-11 September 202 . .
Conference LCA F%D 2024 cacoon Spain ‘ Sustainable cropping systems (1)
[ ] |

Life Cycle Assessment of Frost Protection Methods
in Viticulture: A Framework to Compare Different
Technologies

Vincent Baillet, Ronan Symoneaux, Christel Renaud-Gentié
GRAPPE, ESA, USC n°1422, INRAE, 49007 Angers, France

E-mail contact address: v.baillet@groupe-esa.com

1. INTRODUCTION

An increase in the frequency of extreme climatic events, including spring frost events, has been observed in the
last decades and is predicted to continue. In viticulture, the risk of spring frost is mainly due to earlier budbreak,
increasing the vulnerability of buds and green organs to freezing temperatures. Active Spring Frost Protection
Methods (ASFPMs) aim to mitigate this risk by increasing the temperature in a given area (Rochard, Monamy et
al. 2019). ASFPMs are often seen as highly labor-intensive and resource consuming practices (Liu and Sherif
2019). Only two studies address partially the environmental impacts of ASFPMs; (Thiollet-Scholtus and Bockstaller
2015, Frota de Albuquerque Landi, Di Giuseppe et al. 2021). ASFPM technologies are diverse and influenced by
different external drivers, affecting differently their application strategies and the required equipment for efficiency.
This study proposes a conceptual framework for analysing and comparing ASFPMs’ potential environmental
impacts using LCA methodology. The methodology is described first, followed by its application with four

contrasted ASFPM technologies applied in the Loire Valley, France, context.

2. METHODS

We modelled the attributional LCAs with Impact world + characterisation method using Abribalyse 3.1 and
Ecoinvent 3.8 databases. Application and climatic scenarios were elaborated to set conditions of ASFPMs use.
The overall combination of attributional LCAs and external scenarios designs the contextual LCA with the following
Functional Unit (FU): “to protect 1 ha of vines during one spring” (Figure 1). Winter cover, wind machine, sprinkler
and anti-frost candles are compared in Loire Valley conditions. Required time of application for each ASFPM to
protect 1 ha during frost hours was determined using linear regression of ASFPM application time in function of
total seasonal frost hours based on a recent decade (2013-2023). Sensitivity analysis consisted in varying frost
hours theoretically with a step of 1 unit, using the lowest and highest frost hour numbers from 2013-2023 as

boundaries.

1/3



Life Cycle Assessment (LCA) of Frost Protection Sustainable cropping systems (I)
Methods in Viticulture: A Conceptual Framework to

Assess and Compare Different Technologies

3. RESULTS AND DISCUSSION

The wind machine has the lowest impacts on climate change, mineral resources use and water scarcity, as shown
in Figures 2.A, 2.B and 2.C, respectively. The anti-frost candles show the highest scores for the climate change
and land occupation indicators after 1 and 5 hours of frost events, respectively. The sprinkler has the highest
impact on water scarcity. The winter cover has the highest impact on land occupation when the occurrence of frost
hours is less than 5 (Figure 2.D). In overall, the ranking between ASFPM environmental scores changes in function

of the theoretical frost duration.

4, CONCLUSIONS

The implementation of contextual elements allowed for the expansion of system boundaries in attributional LCA,
enabling the analysis and comparison of different types of technologies. The conceptual framework of this study
showed its relevance in the context of ASFPM technologies through a concrete example in Loire Valley viticulture.
Future research may consider other contextual elements and ASFPM technologies. This framework could be used

in different fields of study to analyse and compare contrasted technologies in term of environmental impacts.

5. ACKNOWLEDGEMENTS
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Figure 1. From an attributional LCA to a contextual LCA. The attributional and contextual LCA boundaries are
respectively represented by the blue and grey rectangles. The dark blue rectangles present the different
scenarios from the contextual LCA. The green text and arrow respectively are the functional unit and its change
through the contextual scenarios. The blue, yellow and orange texts in the attributional LCA respectively display

the inputs, the product/co-product transitions, the direct emissions.

A B
Theoretical frost Aanti-frost Theoretical frost Anti-frost
duration (h)  'Wind machine candle Sprinkler  Winter cover duration (h)  Wind machine candle Sprinkler  Winter cover

9 0 ks 2
1 = 1 =
2 | B 2 g
3 - 7 3 2
N z 2 4 2z
5 ~ = 5 L

=¥ E
6 == 6 ZE
7 2z 7 &z
8 =] $ =
° = o 2
10 = 10 3
1 B 1
C D

Theoretical frost Anti-frost Theoretical frost Anti-frost
duration (h) Wind machine candle Sprinkler ‘Winter cover duration (h) Wind machine candle Sprinkler ‘Winter cover
0 z [ -
1 = 1 H
2 e 2 -
3 2 3 = 2
4 Z 4 2% I
5 S s = g Indicator impact scale
6 = 6 £
B =

7 & 7 e
8 z $ |12 &
’ E y g -
10 - 10 2 =
11 é 1 =

Figure 2. Comparison of the four ASFPM technologies through four LCA indicators with a theoretical frost
duration variation (h). The pattern scales are normalised for each theoretical frost duration value. Fig A. Climate

change short term. Fig B. Mineral resources use. Fig C. Water scarcity. Fig D. Land occupation biodiversity.
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1. INTRODUCTION

Pesticide distribution in vineyards presents environmental and economic issues (Paleari et al., 2024). However,
information regarding the use of agricultural inputs such as fertilizers and pesticides are rarely included in
environmental impact studies on wine and vineyards (Casolani et al., 2022). Digital technology could help farmers
in reducing environmental and economic impact of crop protection. The goal of the smartDEFENSE project is to
develop a new digital technology implemented in a mobile app which suggests when to treat and the optimal
amounts of active ingredients and dilution water, by forecasting the risk of infection (Paleari et al., 2024). In this
study, the comparison of two treatments: without (BASE) and with the support of technology for pesticide
distribution (SMART) in terms of environmental performances is presented. Moreover, a preliminary multi-criteria
decision model (MCDM) for the evaluation of economic, environmental, and social sustainability of the winery
sector is presented.

2. METHODS

The environmental impact was determined through Life Cycle Assessment. Two functional units (i.e., one area
based — 1 ha — and one mass based — 1 ton) and a "from cradle to farm gate" approach were considered. Primary
data were collected about vineyards operations, working times, machine characteristics, inputs used in two farms
producing grapes in conventional (A) and organic (B) agriculture. Secondary data were used regarding to the
emissions of active ingredients, fertilizers and pollutants related to diesel combustion. The analysis of impacts was
conducted using the EF 3.0 Method (V1.03) using SimaPro. The MCDM chosen was DEX, implemented in the
open access software DEXi (Craheix et al., 2015). Based on expert opinions, a preliminary version of the
DEXiWine tool was built (Figure 1).
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3. RESULTS AND DISCUSSION

The adoption of SMART technology has led to a reduction in the distribution of pesticides and the impact
associated with grape production (Table 1). In general, the impact categories (ICs) in which a greater reduction is
observed were freshwater ecotoxicity and resource use, minerals and metals. These two ICs, in fact, were strongly
related to the emissions of active ingredients to water, air and soil and to the production of pesticides, respectively.
On farm A, the average reduction was 4.99 % in all ICs considered, ranging from 0.56 % in marine eutrophication
to 13.64 % in freshwater ecotoxicity. On farm B, the average reduction in impacts was lower (0.67 %) ranging from
0.02 % in ozone depletion to 2.29 % in freshwater ecotoxicity. The LCA analysis allowed to identify the major
hotspots involved in the grape production process and to define the preliminary indicators implemented in the
DEXiWine tool (Figure 1), in particular in the environmental sustainability attribute. The MCDM will help to quantify
the overall sustainability of wine production, considering also qualitative attributes such as farmer willingness to

adopt digital technology solutions.

4. CONCLUSIONS

In conclusion, the new digital technology for pesticide distribution in vineyards determines a reduction of the
environmental impact. However, further data regarding also the economic and social impact of the application of

digital technologies in the wine sector are required.
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Table 1. Environmental impact associated to production of grape with (SMART) and without (BASE) the use of
SMARTdefense app in conventional (A) and organic (B) farms. CC, climate change (kg CO2 eq); PM, particulate
matter (disease inc.); AC, acidification (mol H+ eq); FE, eutrophication, freshwater (kg P eq); ME, eutrophication,

marine (kg N eq); TE, eutrophication, terrestrial (mol N eq); FEt, Ecotoxicity, freshwater (CTUe); RU-mm,
resource use, minerals and metals (kg Sb eq).

FU FU1 ha FU 1 ton
Ic BASE SMART BASE SMART BASE SMART BASE SMART
A A B B A A B B

cC 1483.26 1461.27 1564.96 1564.22 134.60 90.76 144.64 89.67
PM 1.18E-04 1.16E-04 3.57E-05 3.55E-05 1.07E-05 7.19E-06 3.30E-06 2.04E-06
AC 20.36 19.84 12.22 12.16 1.85 1.23 1.13 0.70
FE 0.46 0.42 0.22 0.21 0.04 0.03 0.02 0.01
ME 9.04 8.99 3.51 3.51 0.82 0.56 0.32 0.20
TE 65.96 65.56 38.70 38.67 5.99 4.07 3.58 2.22
FEt 1.42E+06 1.22E+06 1.36E+06 1.33E+06 1.29E+05 7.60E+04 1.26E+05 7.61E+04
RU-mm 4.35E-02 3.76E-02 4.77E-02 4.67E-02 3.95E-03 2.33E-03 4.41E-03 2.68E-03

7~ Global warmirg potential (50%)

7~ Ar quality impact (S0%)

— Impect on ecosystems (50%)

Tesrestrial mpact (S0%)

£ Naturs! resource (50K

Production factors 50%)

Overall sustainability { -
— T

~ Sansitivity to extarnal factars (0%
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Figure 1. Preliminary attributes and indicators included in the DEXiWine multi-criteria analysis. Values within
brackets represent the provisional weight assignat to each attributes and indicators.
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1. INTRODUCTION

Food processing companies produce large volumes of agro-industrial waste that can be further valorised.
Sunflower mills exploit co-products from oil production, such as sunflower meal, in animal feed. They may
optionally separate the seed from the sunflower hull (SFH) through dehulling. This separation improves the protein
content of the resulting meal due to the lower SFH share. Europe has low self-sufficiency of protein-rich animal
feed ingredients, justifying dehulling in sunflower milling. Yet, this additional step leads to large SFH quantities,
raising questions regarding possible waste management options and their environmental impacts. In this case
study, we explore the environmental performance of SFH valorisation opportunities. We compare two bioenergy

applications: on-site biomass combustion in a bio-boiler and anaerobic digestion at an external facility.

2. METHODS

We utilised lifecycle assessment to compare the environmental impacts of the two bioenergy options. We built
scenarios for the functional unit of ‘the processing of 1 tonne of sunflower hulls’. To model combustion, we
calculated that 1 tonne of SFHs generates 16 GJ and amended emissions based on the guaranteed thresholds
and expected heat efficiency. In this scenario, the resulting heat replaced heat from natural gas, while the residual
ash substituted inorganic fertilisers. For anaerobic digestion, we included transport to an external facility and
biogas production based on SFH fermentability tests. In this scenario, biogas produced electricity and heat from
biomethane, substituting grid electricity and heat from natural gas, respectively. We accounted for the avoided
product of inorganic fertilisers from the use of digestate as an agricultural fertiliser. Further, we performed a
sensitivity analysis on the fugitive methane emissions in biogas production. We used ecoinvent and Agribalyse
databases to match data with background processes and applied the EF 3.1 impact assessment method on
SimaPro 9.6.
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3. RESULTS AND DISCUSSION

Overall, the characterised results show a mixed picture regarding environmental impacts and benefits (Table 1).
After normalisation and weighting, biomass combustion has a lower score (10.64 mPt) than anaerobic digestion
(16.96 mPt) (Figure 1). In SFH combustion, significant environmental benefits exist in climate change and resource
use (fossils), with the two categories contributing 40% to the single score. In anaerobic digestion, these two
categories are also significant with a 46% contribution; yet, climate change leads to environmental impacts rather
than benefits due to fugitive methane emissions in biogas production. In a sensitivity analysis, we built 3 scenarios
regarding the share of fugitive methane emissions compared to biomethane production: 3%, 5%, and 10%.
Anaerobic digestion (10.45 mPt) is about equal to combustion when methane leakage is at 3%. Further, allocation
difficulties for the substitution of inorganic fertilisers introduce some uncertainty on the avoided environmental

impacts.

4. CONCLUSIONS

Sunflower hull co-products can be valorised in bioenergy applications. Energy recovery from biomass combustion
is preferred from a heat efficiency and environmental perspective, assuming that fugitive methane emissions in
biogas production are higher than 3%. The results depend on the selected substitute products, data assumptions
and methodological choices, illustrating their case-specificity. The findings support a waste-to-energy perspective
in fossil-fuel-based economies, as replacing fossils leads to environmental benefits. Context-specific
environmental assessments using lifecycle thinking can support waste management decision-making in the food

processing sector, going beyond the classical, static food waste hierarchy.
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Table 1. Environmental impacts at impact category level

Impact category

Scenario 1 - Biomass

Scenario 2 - External

combustion anaerobic digestion

Acidification mol H+ eq 4 18E+00 1,21E+00
Climate change kg CO2 eq -4,37E+02 3,36E+02
Ecotoxicity, freshwater CTUe -3,18E+02 -1,90E+03
Particulate matter disease inc. 2,84E-05 9,80E-06

Eutrophication, marine kg N eq 2,96E+00 2,41E+00
Eutrophication, freshwater kg P eq 1,02E-01 9,63E-02

Eutrophication, terrestrial mol N eq 1,67E+01 7,13E+00
Human toxicity, cancer CTUh 1,15E-07 -2,78E-08
Human toxicity, non-cancer CTUh -3,29E-07 -3,82E-07
lonising radiation kBg U-235 eq 7,08E+01 -2,63E+01
Land use Pt 5,05E+04 4,76E+04
Ozone depletion kg CFC11 eq -1,03E-04 -4,96E-06
Photochemical ozone formation kg NMVOC eq 2,05E+00 5,56E-01

Resource use, fossils MJ -6,95E+03 -4,30E+03
Resource use, minerals and metals kg Sb eq 3,40E-03 -8,12E-04
Water use m3 depriv. 1,35E+02 2,79E+01

m Pt
Y
o

Scenario 1 — Biomass combustion

m Acidification

Particulate matter

m Eutrophication, terrestrial

m [onising radiation

B Photochemical ozone formation

Water use

Total: 10.64 m Pt

(

m Climate change

B Eutrophication, marine

m Land use

m Human toxicity, cancer

® Resource use, fossils

Environmental impacts as a single score

Total: 16.96 m Pt

| |

Scenario 2 - External anaerobic digestion

m Ecotoxicity, freshwater

B Eutrophication, freshwater
m Human toxicity. non-cancer
mOzone depletion

Resource use, minerals and metals
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