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Have you ever tried to grow/raise

plants/animals?

What do plants and animals need to grow/raise, where do they come from, and what
plants/animals give in return?



Things Plants Need

Space to grow Nutrients

let’s talk : .
scrence https://letstalkscience.ca/ ©2022 Let's Talk Science
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What is food system?

Describe in around a minute what comes in your mind when you think about a food
system.
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Why is the food
system broken?

A cattle rancher in Brazil, where pressures to produce more meat collide with the need to reduce deforestation and greenhouse-gas emissions.

Fix the broken food
system in three steps

Schmidt-Traub et \jap model and manage agriculture, biodiversity, trade and nutrition — and build a
al. 2019 (Nature) global network, urge Guido Schmidt-Traub, Michael Obersteiner and Aline Mosnier.
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State of Food Security and Nutrition 2023
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The triple burden of malnutrition

Share of adults who are overweight or obese, 2016

"Overweight" is defined here as having a body mass index (BMI) equal to or greater than 25. BMI is a person's
weight in kilograms divided by their height in meters squared.
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Data source: WHO, Global Health Observatory OurWorldInData.org/obesity | CC BY
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The environmental impacts of food and agriculture

E n VI rO n m e n ta I 26% of greenhouse gas emissions come from food

Greenhouse gas
. . . IS€ 8§ Food Non-food
I m p I I C atl O n S emissions 13.7 billion tonnes CO.eq 38.7 billion tonnes CO,eq

50% of the world’s habitable land is used for agriculture

Land use Agriculture Forests, shrub, urban area, freshwater
51 million km? 51 million km?
Our food systems

have a h uge 70% of global freshwater withdrawals are used for agriculture

. Freshwater .
. Agriculture Industry (19%)

impacts in terms of

|and, Water, energy, 78% of global ocean and freshwater pollution
. . . icati Agriculture Other sources
biodiversity, and
ecosystems.
96% of global mammal biomass (excl. humans) is livestock \Wild mammals (#3)
Mammal

96% of global mammal biomass (excluding humans)

biodiversity Livestock I

71% of global bird biomass is poultry livestock

biodi B'.;d Poultry livestock Wild birds
lodiversity 71% of bird biomass 29% of bird biomass

Data sources: Poore & Nemecek (2018); UN FAQ; UN AQUASTAT; Bar-On et al. (2018). Licensed under CC-BY by the author Hannah Ritchie.
OurWorldinData.org - Research and data to make progress against the world's largest problems. Date published: November 2022.
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implications
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Ocean
me]“;atar acidification
Example interactions:

p Chmale change -> Freshwaler use -> Biosphere infegrity: Climate change impacts freshwater directly and througt
land-system change, and changes in freshwater avalability again on Biosphere imtegrity (Aguatic biodversity)
--= this impacts an the food systemn by e.g. reducing irigation water availabiity
Land-system change -> Climate cheange: Changes i land-ayatem have direct impacts on climate change

-=> .0, reduced fores] cover leads 1o warming and reduces precipitation, which again have impacts on Tood
produchon, for example

Planetary boundary status Role of agriculture Boundary interactions
B Boyond zone of uncertainty (high risk) g E— B —
In zone of uncertainty (incressing risk)
Gerten and Kummu 2021 (One Earth) B Gelow boundary (safe) ' <+

Boundary not yet quantified
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What are the sources of greenhouse gas

emissions in food system?

Which are the main GHG gases the food system emits?
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Food system emissions

OECD Food, Agriculture and
Fisheries Papers No. 89
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Post-retail

2.1 billion tonnes of
carbon-dioxide equivalents
Cooking: 0.5 billion tonnes (CO,e)

Food system emissions s o7 ervore |

Packaging: 1.0 billion tonnes >

Supply chain
3.1 hillion tCDEE

Transport: 0.8 billion tonnes

Food processing: 0.6 billion tonnes

Agricultural production IR

7.1 billion tonnes CO. e agriculture, aquaculture and
: ) E capture fisheries in both studies

Livestock manure
20%

Manure Burning
management savanna
6% 5%

Drained
organic
soils,
Enteric fermentation Synthetic fertilizers non-CO2
39% 13% 2%

Crippa et al. (2021) estimate higher
land use emissions since it allocates
Land use all deforestation to agriculture.

5.7 billion tonnes CO.e

Poore and Nemecek (2018) assign
only 60% of deforestation to
agriculture for food.

Source: FAOSTAT 2020.

Crippa et al. (2021)
17.9 billion tonnes CO,e from food™
That's 34% of global GHG emissions

("some non-food agricultural products included)
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Greenhouse gas emissions from protein-rich foods are shown per 100 grams of protein across a global sample of

38,700 commercially viable farms in 119 countries.

The height of the curve represents the amount of production globally with that specific footprint.

Producing 100 grams of protein from beef

The white dot marks the median greenhouse gas emissions for each food product. emits 25 kilograms of COeq, on average.
ks ; e o But this ranges from 9kg (10th percentile)
e dairy sector provides halt o e world s beetr. to 105 keCO 90th percentil E
. This beef creates 60% lower emissions than dedicated beef herds. e Ig 269 { pereeuiy

25
Beef e —— e .

Average emissions = 20 kgCO,eq
|

Lamb

Farmed
shrimp

Cheese

Animal-source foods -
emits more e
greenhouse gas -
than plant-based Farmed

fish

foods. Tofu

% of chicken, and 86% of
e fairly similar wherey

s are produced intensively.
er they are in the world.

Feed and excreta at the bottom of warm, unaerated
{ fish ponds can create more methane than cows.

Only afraction of the soy used to make tofu and soymilk is linked to deforestation.
More than 96% soy from South America ends up as animal feed or cooking oil.

Beans

Symbiotic bacteria fix nitrogen in the roots of legumes, meaning
0.36 they need little or no nitrogen fertilizer, leading to low emissions.

Peas

— Many nut producers are carbon negative - even after accounting for other emissions and transport.
0.8 This is because today, tree nuts are expanding onto cropland, removing CO, from the air.
2

Nuts

75% of protein production creates between 25% of production (between 11 and 250 kg CO:eq) generates 70% of emissions from protein.
-3and 11 kg CO,eq per 100g protein. In total, this is equivalent to 5 billion tonnes of CO_eq - this is more than the EU's total emissions.
l : >
Sum of all
protein-rich
foods
0] 10 20 30

Greenhouse gas emissions per 100 grams of protein
(kilograms of carbon dioxide equivalents; kgCO ,eq)

Note: Data refers to the gr ssions of food products across a global sample of 38,700 commercially viable farms in 119 countries

Emissions are measured ly-chain, from land use change through to the retailer and includes on-farm, processing, transport, packaging and retail emissions.

Data source: Joseph Poore and ThomasNemecek (2018). Reducing food’s environmental impacts through producers and consumers. Science.

OurWorldinData.org - Research and data to make progress against the world’s largest problems. Licensed under CC-BY by the authors Joseph Poore & Hannah Ritchie.
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Energy for food
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Energy consumption within food supply

chain

https://energypedia.info

Y

Fertilizer Production | Tractors and Drying Cooling
machinery
Crop protection Irrigation Cooling Distribution
Fodder Fertilizer Storage
Machinery Conservation agr. Food and beverage
processing
Livestock
 Protected Cropping
Transport
e
Machinery Small-scale Lagistic
manufacturers, Farmers, processing, companies,
agrochemical, Cooperatives Agri-Food Wholesale and
feed Industry Industry retail
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Food consumes about 30%
of global energy
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Direct and indirect energy inputs Greenhouse gas emissions

B Retail, preparation and cooking
B Processing and diztribution

B Fizheriez production

B Livestock production

B Cropping production

Carbon dioxide CDE
B Kethans IZI.H4
B Mitrous oxide NZD

High-GDP Low-GDP Global total Global total
countries countries
~9.7 Gt CO
~50 EJiyr ~45 EJiyr ~95 EJiyr 2-eq

FAO, 2011: “Energy-smart” food for people and climate — Issue
Paper: http://www.fao.org/docrep/014/i2454e/i2454e00.pdf
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Energy use for food varies
Pre-farm gate total 341 44
. . Transport to the UK NA 36
AT o Mic Europe Total 362 9.6
= |Latin America —— North America —— Oceania Strawberries, Spain
— Word === World (w/o MIC and outdated N-tech) Pre-farm gate total 12.9 8.3
60" Transport to the UK NA 3.0
Total 146 13.3
% Total primary energy use  Fary potatoes, Isracl
Pre-farm gate total 1.5 1.9
E (PEU) per tonne of food S S i
O products produced and Total 28 105
S imported to UK ?pp;esj New Zeaalland o
= re-farm gate tot: : :
_‘g (Webb et al. 201 3) Transport to the UK NA 75
] Total 51 112
o Lamb, New Zealand
g' Pre-farm gate total 179 122
O Transport to the UK NA 75
Total 30.7 37.0
Poultry, Brazil
Pre-farm gate total 159 122
Ener input (GJ/h Transport to the UK NA 4.1
gy input ( aly) Total 211 247
o i Beef, Brazil
(Pellegrini and Fernandez 2018, PNAS) Pre-farm gate total 413 78
Transport to the UK NA 4.0

Total 444 17.1
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How have our diets changed in last

decades?

Reflect on the food you have during childhood and now.
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Dietary changes
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Typical diets
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O Others

J Alcohol

O Vegetables

O Fruits

O Oilcrops

[ QOils

O Pulses

O Sugarcrops

@ Sweeteners

O Starchy roots
O Cereals

O Aqua. products
& Nrum. products
& Rum. products

(Pradhan and Kropp 2020, Sustainability)
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Was there food left today after your

lunch?

Reflect on how much food do we waste or loss.



Food loss and waste

> 30%- 40% of food is lost and wasted in both developing and
developed countries (Godfray et al. 2010)

> food is lost and wasted across various stages of the food supply
chain (FAO 2011)

> food loss is food decreased during production, post-harvest, and
processing

> food waste is food discarded at the consumer level
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Food waste and human development

Global per capita

index (HDI)
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(Hic et al. 2016, ES&T)
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How can we transform our food systems?
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ood systems

response options

Multiple options are
available to transform
food systems with

mitigation, adaptation and

other co-benefits.

(Rosenzweig et al. 2020, Nature Food)

Food system responses

Increased soil organic matter content

Change in crop variety

Improved water management

Adjustment of planting dates

Precision fertilizer management

Integrated pest management

Counter season crop production

Biochar application

Agro-forestry

Changing monoculture to crop diversification

Changes in cropping area, land rehabilitation {(enclosures, afforestation) perennial farming
Tillage and crop establishment

Residue management

Crop-livestock systems

Silvopastoral system

New livestock breed

Livestock fattening

Shifting to small ruminants or drought resistant livestock or fish farming
Feed and fodder banks

Methane inhibitors

Thermal stress control

Seasonal feed supplementation

Improved animal health and parasites control

Early warning systems

Planning and prediction at seasonal to intra-seasonal climate risk
Crop and livestock insurance

Food storage infrastructures

Shortening supply chains

Improved food transport and distribution

Improved efficiency and sustainability of food processing, retail and agri-food industries
Improved energy efficiencies of agriculture

Reduce food loss

Urban and peri-urban agriculture

Bioeconomy {e.g. energy from waste)

Dietary changes

Reduce food waste

Packaging reductions

New ways of selling {e.g. direct sales)

Transparency of food chains and external costs

Mitigation and
adaptation potential

None Limited

Mitigation

High

(=X
]
o
o+
Q
=4
o
3

@ ey high

Co-benefits
Livelihoods, Biodiversity
Livelihoods, Bicdiversity
Livelihoods, Water
Livelihoods
Livelihoods, Pollution
Livelihoods, Biodiversity
Livelihoods, Biodiversity
Livelihoods
Livelihoods, Bicdiversity
Livelihoods, Bicdiversity
Livelihoods, Biodiversity
Livelihoods, Biodiversity
Biodiversity
Livelihoods, Biodiversity
Livelihoods, Biodiversity

Livelihoods
Livelihoods

Livelihoods

Livelihoods, Bicdiversity

Livelihoods, Energy
Livelihoods, Biodiversity
Livelihoods

Livelihoods

Livelihoods

Livelihoods

Livelihoods

Livelihoods, Energy
Livelihoods

Livelihoods

Energy

Livelihoods

Livelihoods, Bicdiversity
Livelihoods, Energy
Health

Water, Energy

Pollution

Livelihoods, Energy

Health, Energy, Water
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Demand-side mitigation
GHG mitigation potential of different diets

Vegan
No animal source food

Vegetarian
Meat/seafood once a month

Flexitarian
Limited meat and dairy

Healthy diet
Limited sugar, meat and dairy

Fair and frugal
Limited animal source food but rich in calories

Pescetarian
Diet consisting of seafood

Climate carnivore
Limited ruminant meat and dairy

Mediterranean
Moderate meat but rich in vegetables

(IPCC 2019, SRCCL) Demand-side GHG mitigtion potential (GtCO,-eq yr)
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Sustainable food systems and SDGs
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Recap

> Concept of food system

> Environmental impacts from the food system

> Greenhouse gas emissions from the food system

> Response options for the food system transformation

ED82.9013 Selected Topic: Sustainability
— Introduction, Analysis, and Practices
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