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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?



O I'hings Plants Need

Space to grow Nutrients

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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IPCC 2019 (SRCCL Chapter 5)
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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 tood
system in three steps

Schmidt-Traub et \fap 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.



university of
groningen

Stat§ of Food Security and Nutrition9002023

’%K oY
G

16 800
798.3 7593 7634 757,
' 723.8
Jo57  |70BLg SeS 733.4
14 T +—7133- 700
669.3 694.7
648.6
12 - 627.3 600
12.2% N\
= 538.7 ol
g U 96%98% g7 0 o
= 9.0%  19.0% 191% 7' 1o S
S i Lo L =
oo 87;\:':““ . °l J_ 87% 8.9% 400 =
Ll 8 ./ /o L = > o,
= —~ O o 80% 8.2%
7.3% 15k

6 300

4 200

2 100

0 : . 0

| I I I I I | I | I I | | I I I I
2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023*

«=@-= Prevalence of undernourishment (left axis) —@= Number of undernourished (right axis)



university of
groningen

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




26% of greenhouse gas emissions come from food

Greenhouse gas Food Non-food
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?

70% of global freshwater withdrawals are used for agriculture

E;ﬁzhwatelr Agriculture Industry (19%)
withdrawalis 70% of freshwater withdrawals Households (11%)
Our food systems have huge
environmental im paCtS _ 78% of global ocean and freshwater pollution
Eutrophication Agriculture Other sources
78% of global eutrophication 22%
96% of global mammal biomass (excl. humans) is livestock Wild mammals fa)
Mammal Li K
biodiversity Ivestoc :
96% of global mammal biomass (excluding humans)
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.



The agriculture sector emits around 10-12 GtCO2eq/year. Key Sources of Emissions include:

-Land Use Change: Deforestation and conversion of natural habitats to agricultural land.

sLivestock Management: Emissions from enteric fermentation and manure management.

+Rice Cultivation: Methane emissions from flooded rice paddies.

+Soil Management and Fertilizer Use: Nitrous oxide emissions from soil and fertilizer application.

-Supply Chain Activities: Emissions from processing, transportation, and storage of agricultural products.

rOf the 15.6 Pg C/yr global HANPP,
harvest is responsible for 53%,
land use productivity change is o) 52
responsible for 40%, of which % 2.
grazing land take up 28%. The rest ’ 0
7% is induced by human-caused fires. Bi . .
L &) iosphere integrity

organic pollutants) from agriculture sources include
plastic filming, packaging, trays and containers,
fertilizers, pesticides, antibiotics, etc.

\

‘K (Novel entities (microplastics, indocterine disruptors,

— Climate change

Genetic .
novel entities

functional

More than half of the global deforestation area
has been converted into cultivated land, and
nearly 40% is used as pasture. In 90%-99% of ) 1 Stratospheric
tropical deforestation areas, agriculture is the Land system \ < ‘ ozone depletion
number one driver of tree cover loss. :

N20 has now been identified to be the

single greatest ozone-depleting gas.

The agriculture sector is a major emitter of N20.
N20 in agriculture comes from soil management,
fertilizer application, livestock management, etc.

—— change

Atmospheric
aerosol loading

acidification

The agriculture sector is the single largest user

of freshwater (blue water). It also significantly

impacts the water cycle by altering

evaporation and infiltration rates and §
modifying river runoff through changes '
in vegetation. ‘ !

Biogeochemical flows

Both the phosphrous cycle and nitrogen cycle has been greatly transformed by agriculture production, LI et al ' 2024 (E n CyC| Oped 1a
https://doi.org/10.1016/B978-0-443-15976-3.00012-X

especially through the application of P and N fertilizers, fixation and deposition process. Of Ag r| Cu |tu re and Food Syste mS)



https://doi.org/10.1016/B978-0-443-15976-3.00012-X
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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
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OECD Food, Agriculture and S0l respiration @ . ﬂ
Fisheries Papers No. 89 Soil Carbon



Food system emissions

Enteric fermentation
39%

Livestock manure
20%

Synthetic fertilizers
13%

~ Waste
1.6 billion tonnes CO,e

Cooking: 0.5 billion tonnes
Retail: 0.7 billion tonnes

Packaging: 1.0 billion tonnes

Transport: 0.8 billion tonnes

Food processing: 0.6 billion tonnes

7.1 billion tonnes CO,L,e

Manure Burning
management savanna
6% 5%

Drained
organic
soils,
non-CO2
2%

Land use
5.7 billion tonnes CO,e

Source: FAOSTAT 2020.

Crippa et al. (2021)

Agricultural production

Post-retail

2.1 billion tonnes of
carbon-dioxide equivalents
(CO.e)

w

> Supply chain
3.1 billion tCO,e

This is emissions from
agriculture, aquaculture and
capture fisheries in both studies

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

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

17.9 billion tonnes CO,e from food*
That's 34% of global GHG emissions

("some non-food agricultural products included)



AFOLU

ENERGY AND IPPU
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(IPCC SRCCL 2019 & FAOSTAT)

Agriculture, forestry and other land uses (AFOLU)
National GHG inventory (NGHGI)

land use, land use change and forestry (LULUCF)
Industrial Processes and Product Use (IPPU)
(Tubiello et al. 2021, ERL)



Animal-source foods emit more
GHG than plant-based ones.

How does the carbon footprint of protein-rich foods compar

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.
The white dot marks the median greenhouse gas emissions for each food product.

But this ranges fr

The dairy sector provides half of the world’s beef. to 105 kgCO eq

Thm beef creates 60% lower emissions than dedicated beef herds.

e? Our World
in Data

Producing 100 grams of protein from beef
emits 25 kilograms of CO,eq, on average.

om 9kg (10th percentile)
(90th percentile) .

Beef 4

Average emissions = 20 kgCO,eq

Lamb _A-_;

10kgCO.eq
Farmed A
shrimp
Cheese

6.5

Pork

K 61% of pork, 81% of chicken, and 86% of eggs are produced intensively.
These systems are fairly similar wherever they are in the world.

Chicken

Eggs h&#

Farmed

Feed and excreta at the bottom of warm, unaerated

f fish ponds can create more methane than cows.
fish 16
TO]LU A 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.
0.65
Bea ns Symbiotic bacteria fix nitrogen in the roots of legumes, meaning
they need little or no nitrogen fertilizer, leading to low emissions.
0.36
Peas
e 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.
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.
k } t ’
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 greenhouse gas emissions of food products across a global sample of 38,700 commercially viable farms in 119 countries.

Emissions are measured across the full supply-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.



K0 o C02 kg CH4

. . kg N20
a | D 12 "g l’ 3.2 5 {
' I
: : X
|
24 T ° : : 23 :
I X I
I X I
'l L 60— I' 14 l
1995 2022 2030 1095 2022 2030 1995 2022 203(
kmaw  Land K PM2.5
42 d I '_ x10° I, ‘_
; climate change € T
11 Biosphere integrity m oel Sitties I
3.2 l | - I
: : Stratospheric 11
22 | L_ Land SyStem ’ ozone depletion T
change
The livestock sector can threaten ™ R % 2072 2630
planetary boundaries. Jropherc Sae PM10
mm’,. Bluewater o f 1]
T ( Freshwater Oge A 4erosol loading T
| - ' |
o | PhOSphOl’OUS Nitrogen Ocean acidification an %
: : Biogeochemical flows mm gelow Boundary _ |
11 | g]uiﬂz:xegoo%;cgguarll&tayries 15 J L
18 L 2050 valie 1995 2022 203
1995 2022 2030
k & k H
Mm' Greenwater 9. Npollution kg_» P pollution i
3 x10 ; '_ - | ‘_ N I
h ! i j
11 11
|
11 | T
21 1 19 T 1.25 : :
11 11
\/M | I I
L 12 N -

0.9 1
1995 2022 2030 1995 2022 2030 1995 2022 2

N
o
o

30



univers itY of faculty of science energy and sustainability research
gr Onin g en / and engineering / institute groningen (esrig)

Energy for food




Energy consumption within the food supply chain

https://energypedia.info

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

S
Machinery

manufacturers,
agrochemical,

feed Industry

Small-scale Logistic

processing, companies,

Agri-Food Wholesale and
Industry retail




Food consumes about 30% of global energy

(00%

90%

80%

70%

60%

20%

40%

30%

20%

10%

0%

Direct and indirect energy inputs Greenhouse gas emissions

W Retail, preparation and cooking
B Proceszing and distribution

M Fizheriez production

B Livestock production

B Cropping production

Carbon dioxide CDE
B Kethane IZI.H4
B Mitrous oxide r-lzﬂ

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

FAO, 2011: “Energy-smart” food for people and climate — Issue
Paper: http://www.fao.org/docrep/014/i2454e/i2454e00.pdf



Crop Production (GJ/haly)

Total primary energy use FEU* GJA
(PEU)

Energy use for food varies

UK 1non-UK

Tomatoes (loose classic), Spain

Pre-farm gate total 341 44
. . Transport to the UK NA 36
—— Africa = Asia MIC - Europe Total 362 9.6
=~ Latin America = North America - Oceania Strawberries, Spain
— World  ==- 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 146 133
Early potatoes, Tsrael
Pre-farm gate total 1.5 1.9
Transport to the UK NA 86
Total 28 105
Apples, New Zealand
Pre-farm gate total 21 1.2
Transport to the UK NA 75
Total 51 112
Lamb, New Zealand
Pre-farm gate total 179 122
Transport to the UK NA 75
Total 30.7 37.0
Poultry, Brazil
Pre-farm gate total 159 122
Transport to the UK NA 4.1
Energy input (GJ/haly) ol 211 aur
Beef, Brazil
(Pellegrini and Fernandez 2018, PNAS) Pre-farm gate total 413 “78
Transport to the UK NA 4.0

(Webb et al. 2013) 1w 444 171
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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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%

Food supply (1000 kcal/cap/day)
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Dietary changes

A B C D E F G H
Typical diets

J

K

— DER

[ Others

1 Alcohol

O Vegetables

O Fruits

O Oilcrops

O Oils

O Pulses

8 Sugarcrops

@ Sweeteners

O Starchy roots
[ Cereals

O Aqua. products
[ Nrum. products
8 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



Global per capita

The more developed we are, the more food we waste.

| Required food " Wasted food
""" Deflc:lt food

1965 2010 2050
Year

(Hic et al. 2016, ES&T)

Food availability / Food requirement

1.6
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How can we transform our food systems?




Options are available to transform food systems
with mitigation, adaptation, and other co-benefits.

(Rosenzweig et al. 2020, Nature Food)

Improved crop management

Improved livestock
managment

Climate
services

Improved supply chain

Demand

5
£
[
&
-
g

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

(0000 None

Limited

Mitigation

@ High

Adaptation

@ \Very high

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

Livelihoods, Energy
Livelihoods, Biodiversity
Livelihoods

Livelihoods

Livelihoods

Livelihoods

Livelihoods

Livelihoods, Energy
Livelihoods

Livelihoods

Energy

Livelihoods

Livelihoods, Biodiversity
Livelihoods, Energy
Health

Water, Energy

Pollution

Livelihoods, Energy

Health, Energy, Water



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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Urban agriculture matters for sustainable
development
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SDGs and urban agriculture
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Sentiment analysis

> More positive than negative

sentiment
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ECONOMIC GROWTH

Tidil

(+) linkages

III 12 IESPIIISIII.!

(+ & -) linkages

Eéam !

Urban Agriculture

(-) linkages

IlEIlUI][Il DUHME 17 PARTNERSHIPS
INE[II.IJ':LI'IIES MII'IUH [IH LAND FOR THE GOALS

& C © ‘“ B
Six leveraging opportunities:
1. Safe, nutritious, and fresh food
2. Knowledge and literacy
3. Ecosystem services, biodiversity, &
environmental benefits
. Social inclusion

4
5. Employment and income
6. Psychological well-being

Four hurdles:

1. Exclusive to the privileged groups

2. Contamination, pollution, &
health hazards

3. Water security

4. High energy and input usage
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Massnve open online course
Himalayan
> Concept of food system Q Sustainability
Prof. Shobhakar Dhakal

Professor, Asian Institute of
Technology Thailand

> Environmental impacts from the food
system

> Greenhouse gas emissions from the food —_—
system e
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