Medicion de la
sostenibilidad dietetica

en que punto estamos

y hacia donde vamos

--Ujue Fresan--
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Dieta sostenible




Dieta sostenible

"Dietas con bajo impacto ambiental, que contribuyen a la
seqguridad alimentaria y nutricional y a la vida sana de las
generaciones presentes y futuras. Las dietas sostenibles
concurren a la proteccion y respeto de la biodiversidad y los
ecosistemas, son culturalmente aceptables, economicamente
justas, accesibles, asequibles, nutricionalmente adecuadas,
inocuas y saludables, y permiten la optimizacion de los
recursos naturales y humanos.”

Fuente: FAO (2010)
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Medicion del impacto ambiental




Impacto ambiental




Impacto ambiental

Cualquier cambio que un producto o un proceso puede
causar en el medioambiente

- Disponibilidad de recursos

- Calidad del suelo, agua, aire, ecosistemas
- Biodiversidad

- Salud humana




Impacto ambiental

Todos los productos y procesos generan impacto ambiental

Uso derecursos ™. Producto ©Ovutres  Emisiones

/ \ (+ co-prod) / l \

Materiales Energia Aire Agua Suelo
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RECURSOS
ECOSISTEMAS
SALUD HUMANA




Impacto ambiental: SISTEMA ALIMENTARIO

Uno de los principales sectores responsables
del uso de recurso y de la degradacion del medioambiente

Consumo aqua Uso suelo Deforestacion Biodiversidad
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Life Cycle Assessment (LCA)
Analisis de ciclo de vida (ACV)

14040/44

ISO 14040:2006: Environmental management — Life cycle assessment — Principles and framework

ISO 14044:2006: Environmental management — Life cycle assessment — Requirements and guidelines



https://www.iso.org/standard/37456.html
https://www.iso.org/standard/38498.html

Life Cycle Assessment (LCA)
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Interpretation




1. Goal and scope

v Describe el producto(s) (proceso o actividad) estudiado, y el proposito
general del analisis.

v Establece el contexto.
v Establece la audiencia prevista.

v Define y justifica decisiones metodoldgicas y asunciones clave.

v FUNCTIONAL UNIT: Unidad de referencia en el estudio del LCA.

vSYSTEM BOUNDARIES: Fases del ciclo de vida del producto incluidas en
el estudio de LCA.




2. Life cycle inventory (LCI)

v Identifica los inputs y outputs atribuibles al producto analizado en
los limites del sistema establecidos.

v’ Datos de LCl deben ser de alta calidad.

v Consejo! Construir un modelo del LCI que una todas las fases.




Inputs Outputs

Inputs Outputs Inputs Outputs

Produccion agricola

System product




2. Life cycle inventory (LCI)

v Identifica los inputs y outputs atribuibles al producto analizado en
los limites del sistema establecidos.

v'Datos de LCl deben ser de alta calidad.
v Consejo! Construir un modelo del LCI que una todas las fases.

v'Permite evaluar la distribucion del uso de los recursos y las
emisiones a lo largo de las fases.




3. Life cycle impact assessment (LCIA)

v Cuantificar el impacto de las actividades representadas por el LCI
v Amplia variedad de metodos de LCIA disponibles

v Diferentes categorias de impacto

v'Diferentes factores de caracterizacion

vEleccion de metodo: fuente de incertidumbre
Analisis de sensibilidad.



3. Life cycle impact assessment (LCIA)

v Resultados se pueden expresar:

- Mid-point: resultados para indicadores ambientales especificos

- End-point: danos anticipados sobre los recursos, los ecosistemas, o
la salud humana

- varios indicadores mid-point agregados sobre una base comun




ReCiPe 2016 V1.01

- Damage Endpoint area
Midpoint impact category pathways of protection

Particulate matter

Trop. ozone formation (hum)

lonizing radiation

Increase in
respiratory
disease

Stratos. ozone depletion

Human toxicity (cancer)

Increase in
various types of
cancer

Damage to
human
health

Human toxicity (non-cancer)

Global warming

Increase in other
diseases/causes

Water use

Increase in
malnutrition

Freshwater ecotoxicity

Freshwater eutrophication

Damage to
freshwater
species

Trop. ozone (eco)

Terrestrial ecotoxicity

Terrestrial acidification

Damage to
terrestrial
species

Damage to
ecosystems

Land use/transformation

Damage to
marine species

Marine ecotoxicity

Mineral resources

Increased
extraction costs

Fossil resources

Oil/gas/coal
energy cost

Damage to
resource
availability




3. Life cycle impact assessment (LCIA)

v Resultados se pueden expresar:
- Mid-point: resultados para indicadores ambientales especificos

- End-point: Dafos anticipados sobre los recursos, los ecosistemas, o la salud
humana

OPCIONAL:

Normalization: comparar con una referencia.

Weighting: “fusionar” indicadores en una unidad comun.




4. Interpretacion

1. Analisis de resultados de LCl y LCIA: identificacion de hotspots

2. Verificacion:
- Integridad: ;falta informacion?

- Sensibilidad: incertidumbre
- Consistencia: coherencia entre objectivo, alcance, hipdtesis, datos, etc. o al comparar
- Otras...

3. Conclusiones, recomendaciones e informes




Food: greenhouse 2as emissions across the supply chain Our World
@
=

in Data

Aboveground changes in Methane emissionsfrom cows, On-farm emissions Emissions from energy use in Emissions from energy use Emissic Emissions from the production
biomass from deforestation, methane fromrice, from crop production he process of converting raw in the transport i of packaging materials,
and belowground emissions from fertilizers, and its processing agricultural products of food items in-country and other reta s material transport
changes in soil carbon manure, and farm machinery into feed for livestock into final food items and internationally and end-of-life disposal

Transport emissions are very
small for most food products

60

Beef (beef herd)
Lamb & Mutton \ 24 K Methane production from cows, and land conversion for grazing and animal feed
means beef from dedicated beef herds has a very high carbon footprint.

Cheese |21
Beef (dairy herd) 2L o ot s Qe atee et herc.
Chocolate 19
Coffee 17
Prawns (farmed) 12

Palm Oil 8

Plg Meat 7 Pigs and poultry are non-ruminant livestock so do not produce methane.
Pou|try Meat 6 They have significantly lower emissions than beef and lamb.
6

Olive Oil
Fish (farmed) 5
Eggs 4.5

Rice 4 Flooded rice produces methane, which dominates on-farm emissions.

Fish (W”d catch) 3 ‘Farm’ emissions for wild fish refers to fuel used by fishing vessels.

Milk 3 Methane production from cows means dairy milk
has significantly higher emissions than plant-based milks.

Cane Sugar 3 )
Groundnuts 2.5
Wheat & Rye 1.4
Tomatoes 1.4
Maize (Corn) [l 1.0 CO, emissions from most plant-based

Cassava 1.0 products are as mugh as 10-50 times
Soymilk 0.9 lower than most animal-based products.

Peas |j0.9 Factors such as transport distance, retail, packaging,
Bananas WO.7 or specific farm methods are often
Root Vegetables 0.4 small compared to importance of food type.

Apples 0.4
Citrus Fruit 0.3

Nuts 0.3_J
0 5 20 25 30 35 40 45

Nuts have a negative land use change figure

because nuttrecs are currently replacing croplands: Greenhouse gas emissions per kilogram of food product
(kg CO,-equivalents per kg product)




GEIl por kg de producto

B Carne [ Pescado | Lacteosyhuevos [ Vegetal
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Fuente datos: Poore and Nemececk (2018) Science




GEIl por 1000kcal

B Carne M Pescado [ Lacteosyhuevos [l Vegetal
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Fuente datos: Poore and Nemececk (2018) Science. Calculos extra de elaboracion propia (composicion nutricional FAO)




GEIl por 100q proteina

B Carne M Pescado [ Lacteosyhuevos [l Vegetal
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Fuente datos: Poore and Nemececk (2018) Science
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Beef has the biggest carbon footprint - but
the same food can have a range of impacts
Kilograms of greenhouse gas emissions per serving

Low impact Average High impact
@ Beef o) O o)

& Lamb O0—0—0
"% Farmed prawns ~— O—O o Significant variability of

B Chocolate O——O—————0<«— the environmental
@« Farmed fish ~ O—0O—O impact of a food product
@. Pork among producers

6 Chicken
@n Cheese
(= Beer
(=3 Dairy Milk
<& Eggs A portion of the highest-impact
< Coffee vegetable proteins emits less than
0 Tofu © the lowest-impact animal proteins

@ Beans O

& Nuts O
0 5 10 15kg

Kilograms of greenhouse gas emissions per serving

Source: Poore & Nemecek (2018), Science B|B|C]|




Integracion de la salubridad en ACV




nutritional-Life Cycle Assessmet (nLCA)

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




1. Composicion nutricional como FU

Food item Type of food kgCo, kgCO, kgCoO, e/ kg co, e/ kg Co, kgCo,
e/NRF e/NRF MNRF%.3 NRF11.0 e/NRF ¢/MRF
6.0 9.3 (all 15.3 20.3

Ham shoulder medium fat boiled | Red meat
Beef rump steak prepared Red meat
Potatoes w/o skins boiled average | Starchy vegetables

Eggs [chicken) boiled average Eggs
Chicken with skin prepared Poultry
Milk whole Dairy

Milk skimmed Dairy
Cheese Gouda 48+ average Dairy
Shrimps Dutch peeled boiled Fish
Herring salted Fish

Kale curly boiled Vegetables
Mushrooms boiled Vegetables
Pineapple Fruit
Banana Fruit

Beans French boiled Legumes

Peas frozen boiled Legumes
Bread wholemeal average Cereals

Bread white water based Cereals
Cashew nuts unsalted Muts

Fuente: FAO (2021)




2. Efecto en salud como indicador de impacto

3. Life cycle impact assessment (LCIA)

v Resultados se pueden expresar:

- Mid-point: resultados para indicadores ambientales especificos

int: Danos anticipados sobre los recursos, los ecosistemas, o
la salud humana

- varios indicadores mid-point agregados sobre una base comun




2. Efecto en salud como indicador de impac

Food group

Reference

Endpoint

Unit

Relative risk {low, mean, high)

Nuts

Aune et al (2016)
Aune et al (2016)
Aune et al (2016)
Aune et al (2016)

CHD

Stroke

CcvD

All-cause mortality

28 g/d
28 g/d
28 g/d
28 g/d

Afshin et al {2014)
Zhu et al (2015)
Zhu et al (2015)
Zhu et &l (2015)

CHD
Colorectal cancer

Colorectal cancer (adj, red meat intake)

Colorectal cancer (adj. fruit and veg intake)

57 g/d

high vs low
high vs low
high vs low

Fruit and
vegetables

Aune et al (2017)
Aune et al (2017)
Aune et al (2017)
Aune et al (2017)
Aune et al (2017)

CHD
Stroke
CcvD
Cancer

All-cause mortality

200z/d
200z/d
200g/d
200z/d
200g/d

Whole grains

Aune et al (2016)
Aune et al (2016)
Aune et al (2016)
Aune et al (2016)
Aune et al (2016)

CHD

Stroke

CcvD

Cancer mortality
All-cause mortality

90 g/d
90 g/d
90 g/d
90 g/d
90 g/d

Mullie et al (2016)
Mullie et 3l (2016)
Mullie et al (2016)
Aune et al (2013)
Aune et al (2013)
Aune et al (2012)
Aune et al (2012)
Aune et al (2015)

All-cause mortality

CcHD

Stroke

Type 2 diabetes

Type 2 diabetes (ad), red meat intake)
Colorectal cancer

Colorectal cancer {adj, red meat intake)

Prostate cancer

200 mL/d
200 mL/d
200 mL/d
200 g/d
zo0 g/d
200 g/d
200 g/d
200 g/d

Micha et al (2012)
Chen et al (2013)
Chan etal (2011)

Feskens et al (2013)

wang et al (2016)
Wang et el (2016)
Wang et =1 (2016)

CHD

Stroke

Colorectal cancer
Type 2 diabetes
CvD mortality
Cancer mortality
All-cause mortality

so0 g/d
so g/d
50 g/d
50 g/d
S0 g/d
S0 g/d
S0 g/d

Chen et al (2013)
Chanetal (2011)

Feskens et al (2013)

Abete et al (20143)

Stroke

Colorectal cancer
Type 2 diabetes
CVvD mortality

Fuente: Springmann. (2019) Environmental Nutrition, 1st Edition, Chapter 14

100 g/d
100 g/d
100 g/d
100 g/d




2. Efecto en salud como indicador de impacto

Mortalidad

Global Western Europe

I Low fruit [ Lowwholegrains [ High processed meat & Lowomega-3 I High sodium
B Low vegetables [ Low nutsandseeds [ High sugar-sweetened beverages [l Low PUFA

B Low legumes [ High red meat 1 Low calcium B Hightrans fats

Fuente: GBD 2017 Diet Collaborators. (2019) The Lancet

DALY

Global Western Europe

I Low fruit [ Lowwholegrains [ High processed meat & Lowomega-3 I High sodium
B Low vegetables [ Low nutsandseeds [ High sugar-sweetened beverages [l Low PUFA

B Low legumes [ High red meat 1 Low calcium B Hightrans fats
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Food Based GBD Dietary Risk Production Impacts
Lifetime Environmental Health Impacts

e Total Diet Production Impacts
(DALYs) Due to Food Production
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Fuente: Walker et al. (2019) Science of Total Environment

HEMI {min healthy life per serving)
Fuente: Stylianou et al. (2021) Nature Food
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2. Efecto en salud como indicador de impacto

The International Journal of Life Cycle Assessment
https://doi.org/10,1007/s11367-024-02298-7

COMMENTARY AND DISCUSSION ARTICLE

Accounting for nutrition-related health impacts in food life cycle
assessment: insights from an expert workshop

Laura Scherer'© . Nicole Tichenor Blackstone? - Zach Conrad®* - Victor L. Fulgoni, IlI° - John C. Mathers® -
Jolieke C. van der Pols” - Walter Willett® - Peter Fantke? - Stephan Pfister'® - Katerina S. Stylianou'’ -
Bo P. Weidema'? - Lloreng Mila i Canals'3 - Olivier Jolliet®

Received: 8 February 2024 / Accepted: 13 March 2024
© The Author(s) 2024

Fuente: Scherer et al. (2024) The International Journal of Life Cycle Assessment




Medicion del impacto social




Social-LCA (SLCA)
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: Social life cycle
Interpretation — Value change actors Consumer
Social life cycle
impact assessment
Society Children

Fuente: UNEP (2020) Guidelines for SOCIAL LIFE CYCLE ASSESSMENT OF PRODUCTS AND ORGANIZATIONS




EMPLOYEE
/| WORKER

Social-LCA (SCLA)

LOCAL
COMMUNITY

VALUE CHAIN
ACTORS

1. Public
commitments 1o
sustainability
issues

3. Prevention
and mitigation
of armed
conflicts

4.
Transpare
ncy




Beans
Beer
Biscuits
Bread
Broccoli
Butter
Carrot

Cashew
CattleBeefMeat
Cheese
Chickpeas

Chocolate

Cod

Coffee

Dail efMeat
Eggs

Lentils
MeatBasedDishe
MilkCream
Mineral Water

OliveQil

Oranges

Palmil
Pasta
PighMeat
Potatoes
PoultryMeat
Quinoa
Rapeoil

Rice

0.44

0.01

0.28

0.44

0.03

2.63

0.04

0.01

0.02

0.01

0.02

0.12

0.92
0.34
0.28
0.27

0.11

0.02

012

0.29

0.17

0.03

0.16

1.21

0.63

Salmon

0.34

Shrimps

0.34

heanOil
Strawber
Sugar

0.01

0.06

0.03

0.15

0.04

0.02

0.12

0.30

0.05

0.99

2.04

0.02

0.20

0.46

x
0.31

5.01

0.03

0.62

1.24

0.13

0.02

0.11

0.34

%

0.02

0.14

0.03

0.12

0.32

0.16

0.03

0.30

0.01

0.23

0.40

0.19

SunFlowerOil

0.02

0.05

0.23

0.02

0.16

Tea

0.05

0.03

Tomatoes
Tuna
Wine

0.03

0.07

0.02

0.38

0.02

0.02

0.22

0.02

0.14

0.15

0.02

0.02

0.17

0.54

0.49

0.54

0.08

0.20

0.08

Fuente: Mancini et al. (2023) Sustainable Production and Consumption

CL: Child Labour

FL: Forced Labour

FS: Fair Salary

WT: Working Time

Dl: Discrimination

HSw: Health and Safety (workers)
SB: Social Benefits, Legal Issues
WR: Workers' Rights

FC: Fair Competition

C: Corruption

CED: Contribution to Economic
Development

IL: llliteracy

HS: Health and Safety (society)
IN: Respect of Indigenous Rights.



Social-LCA (SLCA)

Product Impact subcategory Product risk share within the basket Contributing countries Country share

Unitary risk
Quinoa Child labour 29% Bolivia 53%
Peru 47 %
Cashew Fair salary 22% India 95 %
Discrimination 37% Vietnam 4%
Social benefits, legal issues 22 % India 82 %
Iliteracy 30% India 97 %
Society health and safety 24 % India 90 %
Workers health and safety 30 % Argentina 98 %
Corruption 27% Argentina 97 %
llliteracy 25% India 70 %

Fuente: Mancini et al. (2023) Sustainable Production and Consumption




Child Labour

Forced labour

Fair Salary
Hotspot countries

Il 1st contributing country
Working time l I 2nd contributing country

3rd contributing country
= Rest of the world

Discrimination

Health and safety (workers)

Social benefits, legal Issues

Workers’ rights

Fair competition

Corruption G
lllitteracy = W
Health expenditure (society) 7 T

Indigenous rights m

0 1.0E+08 3.0E+08

Fuente: Mancini et al. (2023) Sustainable Production and Consumption Risk (medium risk hours)




Medicion del coste




Life Cycle Costing (LCC)

Internal costs

Maternial and/or Consumer

component supplier Manufacturer (Use & Maintenance) End-of-life actore

— — — Product life cycle ——— Conventional LCC

Fuente: Adaptado de Hunkelet et al. (2008)




Life Cycle Costing (LCC)

Science of The Total Environment
Volume 850, 1 December 2022, 158012

Review

Life cycle cost analysis of agri-food
products: A systematic review

Margo Degieter ® 2, X, Xavier Gellynck @ =, Shashank Goyal ® =,

Denise Ott ° =, Hans De Steur °®

Fuente: Adaptado de Hunkelet et al. (2008)




Life Cycle Costing (LCC)

Non-monetary external costs

Monetary external costs

Internal costs

Consumer

(Use & Main! ¢ End-of-life actors

Fuente: Adaptado de Hunkelet et al. (2008)




Life Cycle Costing--True cost of food

COSTOS OCULTOS CUANTIFICADOS DE LOS
SISTEMAS AGROALIMENTARIOS
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Medicion de la SOSTENIBILIDAD




Life Cycle Sustainability Assessment (LCSA)
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Life Cycle Sustainability Assessment (LCSA)

Life Cycle
Sustainability.
Assessment




Life Cycle Sustainability Assessment (LCSA)

Human Development Index

social Gini-Coefficient

Sustain-

criteria

Global Compact

) External economic criteria
economic

ability

A

criteria Internal economic criteria

— Ressources
— Global Warming
— Ozone Depletion
— Acidification

— Toxicity

|
Sustainability
Score

Fuente: Finkbeiner et al. (2010) Sustainability

S I

three-dimensional Criteria Weights
Score



Resumiendo...




OBIETIVE:S S







