What is
sustainability of
food and feed?
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What is at stake ?

Food security
and nutrition

A

Livelihoods and
economic growth

i

Health and
animal welfare

Ll

Climate and
natural resource use

A\Y)

L )

Food

« Eradicate hunger, micronutrient
deficiency and overconsumption
with nutrient dense ASF

* Inequality in access to nutritious
food

* Reduce food loss and waste

* Employment in food systems
« Equity (gender, small holders)
« Affordability of healthy diets

« Self-sufficiency/food
sovereignty vs globalised food
systems

* Food

-borne diseases

e Malnutrition and NCD

* Reduce vulnerability and
exposure of food systems to
climate risks

* Reduce GHG emissions of
diets and use of natural
resources

* Alternative proteins

Feed

* Feed/food competition (for land,
water, energy)

* Large ranges of feed use
efficiency

* Recycling biomass

* Feed quality and feed safety

* Global economy and volatility
in cost of production

« Interaction with wildlife

(extensive grazing systems)
» More exposed to disease

outbreaks? (backyard)

* AMR

* Reduce deforestation due
to pasture and feed crops
expansion

* Alternative feed

R\

) A Framework adopted for GFFA 2018, GASL,
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and FAO Sub-Committee on Livestock 2021, as well as for the study “Future of EU Livestock:
an how to contribute to a sustainable agricultural sector?”
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Future global food production: we will need more of everything!

Towards Stratified

Scenarios 2012-2050 Sustainability Societies

Meat +52% +29% +55%
Eggs +39% +25% +40%
Oilseeds +50% +40% +51%
Cash crops +44% +39% +53%
w é"’ Source: The future of food and agriculture. FAO, 2018
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The state of food security: hunger is on the rise
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https://www.fao.org/3/CC3017EN/online/state-food-security-and-nutrition-2023/food-security-nutrition-indicators.html



Strong inequalities in access to food

e.g. Protein supply (g/cap/day)

m Vegetal Products

B Milk - Excluding Butter
Meat
Fish, Seafood

m Eggs

¥
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Food loss and waste. Where do they happen?

Food loss and waste in Middle and High Income countries
by comodity and stages in the value chains (Mt)

25%
38%
—
Grains  Roots and Qil crops

Tubers
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37%

21%

Fruits and Meat

and beans vegetables

"
o

37%

Fish

Consumption

B Post-harvest
+Processing
+Distribution

B Production

12%

Dairy
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Food loss and waste in Low Income countries by
comodity and stages in the value chains (Mt)

38%
22%
33%
21%
. 20%
Grains  Rootsand Oilcrops Fruits and Meat

Tubers and beans vegetables

Adapted from Spang et al., 2019. Annual Review of Environment and Resources.
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Environmental sustainability of food and feed: circularity

can limit negative impacts and enhance positive ones

Feed/food com_petltlon, Grazing pastures with
| degradation, .
deforestation no alternative use

Recycling ‘ ’ Nutrient, water and

residues and by- organic matter

. P Nutrient losses,

WA e products as feed Land use translocation in e : - |
and pollution manure eaching and run-offs

Improved soil
+ Water quality ‘ chemical and physical
regulation properties

GHG emissions
through enteric

Habitat degradation, fermentation, manure —
- nutrient pollution, and feed production,
GHG emissions . including LUC
5 . Climate Mitigation &
Habitat maintenance, diversity change adaptation through
nutrient cycling, C improved efficiency, +

storage recycling and_sml C
sequestration

+

Losses and waste of by-
products and manure
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Climate and
natural resource use
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JN THE JOURNAL OF NUTRITION

journal journals.elsevier.

Critical Review
Friend or Foe? The Role of Animal-Source Foods in Healthy and
Envirc Ily Sustainable Diets

Ty Beal ', Christopher D. Gardner °, Mario Herrero , Lora L. Iannotti °, Lutz Merbold °,
Stella Nordhagen”, Anne Mottet ®

https://doi.org/10.1016/j.tjnut.2022.10.016
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Circularity

Global livestock feed rations

Fodder crops
o/
-]
Crop residues

19%

Oil seed cakes
5%

By products

‘g‘ 5%

Other non edible

o/
Grass & leaves \ Sining i
3 I
46%
i 13%
Other edible
o/
70

Source: Mottet et al. (2017). in: Global Food Security
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LINEAR

30% of global cereal production is used as livestock feed

CIRCULAR

lTotal nitrogen in livestock manure is higher than nitrogen from synthetic fertilizers

Crop residues and by-products account for 25% of livestock feed intake



Total protein production of livestock systems (Mt/y)

40 000

35 000

30 000

25 000 Pigsﬁacmam

20 000

15 000 Broilers

10 000

5000 Layers

o Backyard

Y o, Rl Monogastrics
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Feed use efficiency: ruminants vs monogastrics

FCR1 FCR 2 Meat FCR 2 FCR 3 Protein FCR 2
; . Kg . .
Kg DM Kg edible DM | Kg edible DM Kg edible protein
. . compete DM .
/kg protein /kg protein /kg meat kg protein /kg protein

Ruminants 133 6 2.8 6.7 0.6
Monogastrics 30 16 3.2 20.3 2.0
All 80 12 3.1 13.7 1.3
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Feed use efficiency: industrial vs low-input

FCR1| FCR2 | FCR2 meat FCR3 F:gt%” Protein FCR2 |  Protein FCR3
fzg d?m:; ﬁgrr?aMn Kg DM Kg DM human- | Kg protein | Kg protein from Kg protein from
. Lo . . oledible +soybean| feed//kg | human-edible human-edible
AL Eellelis fegd/ human-ed|b|e3 cakes*/kg protein | feed?/kg protein | +soybean cakes*/kg
prog:luct kg prote|1n Rt protein product’ | product’ product’ protein product’
product
=) Grazing 195 1.6 0.9 1.9 20 0.2 0.3
59 bcfft]fﬁois Mixed 171 438 3.1 5.6 16 05 1
O Feedlots 99 371 7.9 39.6 16 3.5 4.8
Backyard 59 0 0 1 10 0.5 0.5
Poultry Layers 18 13.8 0 15.7 3 2.9 2.9
Broilers 26 18.8 3.6 24 6 5.1 5
A Backyard 57 0 0 14 7 0.6 0.7
8 Pigs Intermediate | 35 211 4.3 251 6 4.5 4.5
@) Industrial 29 20 4 24 .1 6 4.4 4.4
Y W,
JUIFAD | FIDA =‘ ‘=

Source: Mottet et al. (2017) Global Food Securitv




Land use: grazing ruminants use grasslands and

industrial monogastrics use arable land

Land-use for feed production - Monogastrics

60
o
£
o
=
50 -
Pastures a;:;angelands B Oilseeds {ha)
Agricultural Cereals (ha)
land - non 40
livestock 17%, Pulses (ha)
B Roots (ha)
30
Other Grasslands
32% 5.2%
20 —
Cereals 1.7% ] -
Fodder crops 0.6%
Oilseed cakes, by-products 1.2% 8
Crop residues 1% -
JL IFAD | FIDA = = lBaEkyard Laying Broilers | |Backyard Intermediate Industrial | | Backyard Laying Broilers | | Backyard Intermediate Industrial
v ‘~ Pigs i . Poultry Pigs

a L
Source: Mottet et al. (2017) Global Food Security non OECD OECD



Example in the EU

Current consumption

Contonts lsts available ot SciencoDirect

Journal of Cleaner Production

Optimal

Upcycling food leftovers and grass resources through livestock: Impact ~ my 1

|
I
|
I
|
|
1
of livestock system and productivi =T ! ! W Eggs
ystem and productiviy o waste | < - - | .
0. van Hal *, 1JM. de Boer *, A. Muller ", 5, de Vries °, K.-H. Erb , C. Schader ", 1
I
1
1
1
|
1
|
|
|
1

lournal homepage: www.sisevier.com/locate/|ciepro

B Milk

1

WJ. Gerrits °, H.H.E. van Zanten * | Pork
1
|

0.00 10.00 20.00 30.00 40.00 50.00
Protein availability (g/(cap*day))

B Poultry

M Beef

Animal human digestible protein (HDP) supply, per EU capita
per day, under optimal conversion of LCF compared with
current animal HDP consumption, and alternative
optimisation scenarios of the sensitivity analysis
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Example in the EU

-_—
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Nutrient supply by ASF, per !
i i | e— '
EU capita per day, relative ot |
. o —
to daily intake |
‘ | ——— | s
requirements (USDA) — | .
. . —
under optimal conversion ; mvitB12
of LCF compared with the | e— : Calcium
No managed grass -— 1 —
current average European :
W Iron
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] ] ) . Uniform grass quality —— I Inc
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| — !
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Example in China

nature food

Article https://doi.org/10.1038/s43016-023-00813-x

Low-opportunity-cost feed can reduce
land-use-related environmental impacts by
about one-thirdin China

Received: 15 July 2022 Qunchao Fang', Xiaoying Zhang', Guichao Dai', Bingxin Tong ®",
Hongliang Wang', Oene Oenema®'2, Hannah H. E. van Zanten®°3,
Pierre Gerber ® ** & Yong Hou®'

Accepted: 7 July 2023
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1/3 of animal feed are human-edible products

only 23% of the available LCFs used as feed (2009—
2013)

Increased utilization of LCFs (45—90 Mt) could save
25-32% of cropland area without impairing livestock
productivity

1/3 of feed-related irrigation water, synthetic fertilizer
and greenhouse gas emissions would be saved
Re-allocation of saved cropland could sustain food
energy demand of 30-185 million people

Achieving the potentials of increased LCF use requires
improved technology and coordination among
stakeholders.



Insects for food and feed

FOOD g, Other (animal) Figure 2: Insect protein
PROTEIN proteins production as central

component in a circular
food system as outlined in
the text.
INSECT PROTEIN PLANT PROTEIN
INSECT MASS | CROP
REARING PRODUCTION

T T T T T T T
0 100 200 300 400 500 600 700 g
Number of species :>| ORGANIC RESIDUES %

Figure 1: Number of edible insect species known for five insect orders and the
remaining number of edible insect species belonging to other orders?2,

Butterflies & moths

Others

Pyett et al., 2023. Our Future Protein

* Global mass production of edible insects for both food and animal feed was estimated at 10,000
metric tons in 2020, most of which is used in animal feed.
» Impact of mass production on food/feed safety and on biodiversity are still mostly unknown
W,
' o
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Cellular food

e Livelihoods/economy: Large investments and companies in the US and
the EU, non-relevance or even threat for small-scale farmers

e Food security and nutrition: Still virtually no market (only a few countries
with authorisation and no production at scale). Cell culture technology still
needs to be optimized and nutrition better understood

e Health and welfare: considerably fewer animal required but still need
bovine serum as growth media. High risks of contamination and requires
biopharmaceutical standards

e Environment: Considerably less land but high energy requirements to
maintain temperature (recent studies consider no gain in GHG emissions)
M,

Y
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Plant-based meat and milk substitutes

“Plante based meat”
Unit sales

“Plante based milk*
Unit sales

900 MM
745MM 766 MM 749 MM

288 MM
277MM 630 M +3% -2%
. 600 MM +18%

300 MM

0 MM

2019 2020 2021 2022 e R o 2022

-19% July 2023
Decrease also in EU

¥ .
JUFADFIDA | £ 2

" Source https://gfi.org/marketresearch/



https://gfi.org/marketresearch/

Other sources, mostly as food ingredients

e Microalgae (e.g. spirulina). About 20,000t/year. Still higher
cost (15-25 euros/kg)

e Mycoproteins
* Yeast proteins and precision fermentation

e Extraction and co-products (e.g. potato protein, green
leaves etc.)

From Pyett et al., 2023. Our Future Protein

A\ 1/
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What do we get from a ton of CO, equivalent emitted?

It’s not only about food!

GDP (USD)/ tons CO2e Jobs/tons CO2e 1000 Kcal/tons CO2 g protein/tons CO2
2,500 0.14 1,600 45
40
0.12 1,400 77 V
2,000 / /
35
1,200 /
0.10 7 . /
1,000 /
1,500 0.08 25
800
20
0.06
1,000 600
15
0.04 400 i
500
0.02 | 200 5
m Other ag 1 Other m Agriculture m Other m Other ag Other u Other ag Other
 Livestock sectors sectors 4 Livestock sectars livestock  Sectors
A\ 1/
Y e,
JUIFAD | FIDA > S
/ [\ Source: Authors, using World Bank and FAOSTAT data

Non-agricultural emissions of low-income countries missing



Nutritional functional units (including variability across

production systems) to inform decision makers and consumers

-> 163
258

1. Beef
2. Dark Choeolate
3. Lamb & Mutton
4. Liver F
5. Crustaceans (farmed) F
6. Cheese o
7. Farmed Fish e 4
8. Pork —
9. Poultry b |
=
11. Olive Gil [F=—
12. Eggs |
13. Rice
14, Groundnuts | F
15, Tofu =
16. Cow milk =
17. Qats (oatmeal)
18, Tomatoes b
19. Other Pulses
20. Maize (Meal) H
21. Wheat & Rye (Bread) H
22. Berries & Grapes H
23. Cassava H
24. Other Fruits H
25, Peas M
H
27. Bananas H
28. Other Vegetables #
29. Brassicas H
30. Onions & Leeks §
31. Potatoes
32, Apples |
33. Nuts &=
34, Root Vegetables §
35. Citrus Fruit :'

86
15

T T T T T T
&0 70

0 10 20 30 40 50
Greenhouse gas emissions (kgCO%q 1 kg'7)

b

1

. Crustaceans (farmed) —3 112
2. Liver 54
3. Beef ; &0
4. Lamb & Mutton e
5. Tomatoes | F &b
4. Dark Chocaolate € 50
7. Farmed Fish —
8. Cheese — {
9. Poultry | B
10. Cow milk | F————
11. Pork =

12.Eggs |
13. Brassicas  F——

14, Tofu | ——
15. Berries & Grapes |
=

17. Other Fruits

18. Other Vegetables
19. Bananas |[H

20. Cassava
21. Onions & Leeks
22. Citrus Fruit HH

23. Rice =
24. Root Vegetables
25, Oats (oatmeal)
26. Apples H
B

28. Potatoes H

29. Olive Oil H

30. Wheat & Rye (Bread) H
31. Groundnuts H

32, Other Pulses H

33. Maize (Meal) H

34. Peas H

35. Nuts I(—!

T T T T T 1
0 5 m 15 20 25 30

Greenhouse gas emissions (kgCO%q 1000 kcal )

>
2. Olive Gl k 44
3. Dark Chocolate — 113
4. Beef o mm—
5. Crustaceans (farmed) —nn—————

&, Poultry b
7. Farmed Fish = F— 1
8. Lamb & Mutton |
9. Rice [
10. Pork | B—
11. Cassava
12. Berries & Grapes =
13. Tomatoes +——————
14. Bananas |
15. Cheese |
16. Apples =
=
18. Cow milk [=—
19. Tofu [B—
20. Oats (oatmeal)
21. Other Fruits F—
22. Eggs H
23. Groundnuts
24. Citrus Fruit
25, Brassicas
26, Wheat & Rye (Bread) H
27. Potatoes H
28. Root Vegetables ¥
29. Onions & Leeks ¥
30. Maize (Meal) H
31. Other Vegetables H
32, Other Pulses H
33. Liver H
34. Nuts &
35. Peas ‘F

T T T T T 1
Q 5 o 15 20 25 30

Greenhouse gas emissions (kgCO%q PMV-')

Fie. 2 Foods ranked bv carbon footorint. levelled for weicht. enerev. and orioritv micronutrient value httne: // www natiire com/articlec/c42247-022-00045-0


https://www.nature.com/articles/s43247-023-00945-9

D i foritri e [ R e R R LA e e pedctiontonipotetisl, || Eatrophication potantil
(m?*yr to obtain PMV) | COZeq to obtain PMV) with_drawds (Lto (g 50,eq to obtain (g PO, eq to obtain
Rank obtain PMV) PMV) PMV)
Highest Footprint 1| Olive Oil Palm Oil Qlive Oil Qlive Oil Olive Oil
2|Lamb & Mutton Olive Qil Rice Palm Oil Farmed Fish
3|Dark Chocolate Dark Chocolate Poultry Palm Oil
'Y Bee Bee Farmed Fish Park Crustaceans (farmed)
5|Palm Oil Crustaceans (farmed)  |Apples Bee Dark Chocolate
6|Cheese Poultry Berries & Grapes Berries & Grapes Bee
FOOd S a re n Ot ra n ked th e Sa m e 7|Poultry Farmed Fish Crustaceans (farmed) |Tomatoes Rice
. . . 8|Bananas Lamb & Mutton Cheese Crustaceans (farmed)  |Poultry
way if we look at GHG emissions, 9[Berries & Grapes[Rice Tomatoss Rice Pork
. 10|Pork Pork Groundnuts Dark Chocolate Berries & Grapes
Ia nd'use, Water Wlthd rawa |S, iRl Cow milk Cassava Pork Farmed Fish Tomatoes
e re e . . . 12 [e=ETE Berries & Grapes Bananas Bananas Lamb & Mutton
acidification and eutrophication. 13 Tomatoes Apples Cheese
. 14 |Oats (oatmeal) Bananas Poultry Cheese Bananas
FO rin Sta N Ce' N uts ran k 15|Apples _ Cheese Wheat & Rye (Bread) |Lamb & Mutton Apple:as
16|Farmed Fish Apples Dark Chocolate Brassicas
Cons|stent|y as one of the Ieast 17| Groundnuts k Qats (oatmeal) Brassicas
18|Other Pulses D Bee ggs o
1 H 19(Rice Tofu Lamb & Mutton o Oats (oatmeal)
G H G I nte n S |Ve fOOdS rega rd Iess Of 20|Citrus Fruit Qats (oatmeal) Citrus Fruit Citrus Fruit Citrus Fruit
H H HY A 21|Tofu Other Fruits Brassicas assava ggs
WhICh funCtlonaI unlt IS usedl bUt 22 |Wheat & Rye (Bread) ggs Other Fruits Groundnuts Groundnuts
. 235 Groundnuts gg Other Fruits Potatoes
rank much less favorably when it % [soymik G Fru ofa Wheat & Rye Bread[Tofu
. . 25| Tomatoes Brassicas Other Pulses Oats (oatrmeal) Onions & Leeks
comes tO thelr Water fOOtprInt ZG—WI'neat&Rye (Bread) |Other Vegetables Soymilk Wheat & Rye (Bread)
27 |Peas Potatoes Potatoes Other Vegetables Other Pulses
28|Potatoes Root Vegetables Maize (Meal) Potatoes Other Fruits
29|Other Fruits Onions & Leeks Soymilk Other Pulses
30|Brassicas Maize (Meal) Peas Onions & Leeks Root Vegetables
31| Maize (Meal) Other Vegetables Root Vegetables Tofu Cassava
w Q‘" 2. 32|Crustaceans (farmed)  |Other Pulses Palm Oil Root Vegetables
JL IFAD | F I DA = = 33|Onions & Leeks Onions & Leeks Maize (Meal)
"“~ 34|Root Vegetables Maize (Meal)
Lowest Footprint 35|Other Vegetables Peas




From single metrics to multicriteria assessment using agroecology:

Farms with animals are more advanced in their transition (1/2)

Results of TAPE from about 60 farms in Argentina (Rosario)

Diversidad
100 . :
Gobernanza Si . =0=Monocultivo convencional
80 Inergia ]
Responsable de soja
(CAET 31%)
£ .
conoml_a Clrcular v Eficiencia
Solidaria
=o=Produccidn agricola
convencional con
Valores Humanos y i pres.,enua de ganado
Reciclaje bovino

Sociales
(CAET 46%)

Creacién Conjunta
Intercambio Resiliencia
Conocimientos

Culturay
w g‘“é‘ Tradiciones
JUIFAD | FIDA v N Alimentarias
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From single metrics to multicriteria assessment using agroecology:

Farms with animals are more advanced in their transition (2/2)

Results of TAPE from about 600 farms in Ethiopia

Diversity
60
Synergies

Responsible governance 50
40

Circular and solidarity Efficiency No livestock
economy
=0= At |least 1 animal on
farm
Human and social values Recycling
Co-creation and sharing of .
Resilience

knowledge

\ | /
s*‘ % Culture and food traditions

Y
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Farms with higher animal diversity have higher

scores of recycling

Average recycling score per category of animal diversity

100.00 -1 o o ——
90.00 o — T
Recycling measured in TAPE by: 8000
70.00
* Recycling of biomass and nutrients
. 60.00
(crop-residues, waste etc.)
* Water saving 50.00
* Management of seeds and breeds 2000
 Renewable energy use and
. 30.00
production
20.00
10.00 —
0.00 S = S
0.00 1.00 2.00 3.00 4.00

o S
JUIFAD | FIDA >
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Farms with higher animal diversity have higher

scores of resilience

Average resilience score per category of animal diversity
(resilience -animal diversity)

100.00
Resilience measured in TAPE by: 90.00
80.00 _ -
*  Stability of income/production + 2000 0 P
capacity to recover | . 8
»  Existence of social mechanisms to 60.00 = T :
reduce vulnerability 50.00 g 8
* Environmental resilience + capacity 4000 g
to adapt to climate change R 8 8
* Diversity of production and sources ' g
of incomes 20:00 3
10.00 4
0.00 ] 3
0.00 1.00 2.00 3.00 4.00
A\ [/ >
¥ S A More animal diversity
JUIFAD | FIDA > S
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We need to invest in small scale livestock for
sustainability!

Entire IFAD portfolio
Ongoing IFAD portfolio
(including closed projects)

JMLIFAD | FIDA ‘



Investments of the ongoing IFAD portfolio per area of livestock

development

10.78%, 16.26%

6.49% B Animal Husbandry

B Animal health
Animal restocking
Livestock advisory services
B Livestock post harvest
B Pastoral support service
20.03% M Rangelands/Pastures

15.63%

13.22%

8.58%

IFAD improves access to inputs and to

" Ry markets for poorest farmers and pastoralists
JUIFAD [FIDA | =
am 30
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Impact assessment 2019-2021:

96 projects, total US$7.1 billion, reached 112 M people

90
80

70
Income gains were particularly large

77
62 64
60 . [l . [l .
s G i s in countries with livestock projects
38
Fil
. 24 Higher market access increases in
2 Kyrgyzstan, Pakistan and Tunisia,
1 which were all livestock projects
0

Goal: Increased S01: Improved S02: Improved S03: Greater
income production market access resilience

o

=

o

o

W [FAD11 target (millions) B [FAD11 IA results (millions)

R\
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JUIFAD | FIDA e s https://www.ifad.org/ifad-impact-assessment-report-2021/index.html y

am



Conclusions for sustainable food and feed systems

e Eradicate hunger and nutrient deficiency requires reducing FLW, improving
productivity in LMIC, better access to markets for small producers...

* This needs to happen within strict environmental boundaries, including
climate change, biodiversity and land

 Better circularity can reduce food-feed competition
e Single metrics need to be overcome

o Approaches like agroecology can help avoid tradeoffs between
environment, economic and social dimensions of sustainability

e \We need to invest in small-scale livestock for more sustainable food
systems

¥ S,
JUIFAD | FIDA |
a 32
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Livestock platforms and networks (transformation levers)

NGOs & CSOs
* World Farmer Organization
* WAMIP (pastoralists)
* WWP

Private sector
organizations
* Milk: IDF, GDP
* Meat: IMS
* Poultry: IPC
* Feed: IFIF

Multistakeholder platforms
(secretariat FAO)
* Global Agenda for Sustainable
Livestock (GASL)

* Livestock Environmental Assessment
and Performance partnership (LEAP)

* Committee on Food Security

récommendations (2101 6)
JUIFAD | FIDA |
o

Other platforms
* GRSB (sust. beef)

Research networks
* Global Research Alliance on
Agricultural GHG (GRA)
* LD4D (Livestock Data)

Intergovernmental bodies
* CILSS Sahel
* FAO COAG Sub-Committee on
Livestock
* FAO Intergovernmental Working
Group on Animal Genetic
Resources

Regional FAO commissions

* CODEGALAC (Latin
America)

+ APHCA (Asia and Pacific)

Knowledge management
» Pastoral systems knowledge hub
» Agroecology knowledge hub
* Global Soil Partnership

-

-

IFls
. ® «World Bank
* IFAD
*|IFC .
* EBRD
* RDBs
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