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“Food security exists when all people, at all times,

have physical and economic access to sufficient,
safe and nutritious food that meets their dietary
needs and food preferences for an active and
healthy life”. (World Food Summit, 1996)

Food availability: The availability of sufficient quantities of
food of appropriate quality (local production, import, aid)

Food access: Access by individuals to adequate resources
(entitlements) for acquiring appropriate nutritious food

Utilization: ...clean water, sanitation and health care
Stability: ...access to adequate food at all times
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Population Growth
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0 Water for Food @

Basic Water Needs
(L person' day")

Drinking 2-4
Domestic 40-400
Food 1000-5000

On average, 1 liter per Kcal
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Diet Product (m3 per Kg)

Beef meat 15
Sheep meat 10
Pork meat 6
Chicken meat 2.8
Eggs 4.7
Cheese 5.3
Milk 0.9
Cereals 1.5
Fruit 1
Legumes 1
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Feed demand drives future demand for grains

Kilograms per person per year

0
M Food
W Feed
W Other
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World Sub-Saharan Africa East Asia OECD countries.

Source: Based on Comprehensive Assessment of Water Management in Agriculture 2007.
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in 1960 in 2007 in 2040
Urban Urban Urban
Rural Rural Rural

Changes in dietary preferences

Increased importance of value
chains from producers to
consumers

Food processing & supermarkets
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Negligible or No
Water scarcity | No data

] Physical Incipient physical Economic
Water scarcity Water scarcity Water scarcity
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\Water requirements
for food production
(km3/year)

8000

+ 70% food
~+100% in LDC [

~+5.500 Km3 y-1

Increases, over 2002
water requirements,
needed to eradicate
poverty by 2030 and
2050 respectively

Increase, over 2002
water requirements,
needed to meet the
2015 hunger target

Projections
W Historical
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Change in food habits

toward richer diets

Overall increase of
demand in products
and services

Higher consumption
(including luxury cons.)

Increase of waste
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Which water are we talking about ?

® “Blue water”: freshwater from rivers, aquifers
and lakes:

- 45,000 km3/yr, 12,500 “available”
- irrigated agriculture

rainwater stored in the soil
and available for biomass production:

- 75,000 km3/yr
- rainfed agriculture
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Intensity of groundwater use

Global distribution of harvested areas for irrigated crops, 2009
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By 2050: + 70% food (or even 100% in LDC)

+ 5% rainfed area
+ 7% irrigated area
Yield + 10-14% water withdraw
Increase
(72%) Industry
20%

A Cities '
Arable Land1 0%

Expansion
Cropping (12%)
Intensity

(16%) Water Abstraction
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Reduce wastes
* In post harvest (stora

" EU, avg waste

of 179 kg p'y-!
(SIWI, 2010)

* 1,400 M
overweight

* 400 M obese
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Groundwater Abstraction

Country Annual Number of | Extraction | Percent of
Groundwater | groundwater per population
Use (km’®) extraction structure | dependent
structures (m3 /yr) on
(million) groundwater
India 150 19 7900 55-60
USA 100 0.2 500,000 5-6
China 75 3.5 21,500 22-25
Mexico 29 0.1 300,000 5-6

(Source: Scott & Shah 2004)
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(tons per hectare)

T
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Source: US. data, U. iculture’s National Agri i es and regions, FAOStat.

www.fao.org/nr/water

® PO X “eﬁzz__

WATER ' s ——]

Trade agreement & Vlrtual water

“Real" Required Water Trade between Regions in 2000 (Cereals)

OCEANIA
Exporter based, over Skm/’y
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Water for Enh

Energy for Water
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Energy For Water Purification

Energy required to deliver @
1 million gallons or

T . Lale or river 1,400 kilowatt-hours
3.8 million litres from:

iy )

Groundwater 1,800

@

Wastewater 2,350-3,300

Seawater 9,780-16,500
Webber, M. E. (2008). Catch-22: Water vs. Energy. Scientific American Inc. 18: 34.
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MINING & REFINING

FUEL
C0AL & GAS
ENERGY MINERALS LIQUEFACTION EXTRACTION
& GASIFACTION GROWING&
PRODUCING

BIOFUELS

Picture™"Circle of Blue
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Picture: Circle of Blue
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Energy for Water End-Uses

Water Heating: Example, a 10 minute hot shower
— Flow Rate: 10 litres per minute
— Water temperature: heated from 10°C to 40°C
— Uses 12,500 KJ (3.5Wh)

— If electricity from a coal fired power plant, this is
approximately 1-2 kilograms of coal.

Energy also required for:

— Steam, process water, sanitation, chilling water,
swimming pools, landscape irrigation, etc

www.fao.org/nr/water
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Water in Energy Mining & Refining

Raw Materials Transformation

(litres H20/G)J) (litres H20/G)J)
Traditional Gas Minimal Gas processing 7
Traditional Oil 3-7 Oil Refining 25-65
Enhanced Oil Recovery | 50— 9,000

Coal 5-70 Coal-to— 140- 220
Liquids

Uranium 42 - 160 mining and processing

World Economic Forum (2009). Thirsty Energy: Water and Energy in the 21st Century.
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Water for Electricity

To generate 1000 KWhs of electricity (draw and dump cooling):

000000003

Gas/steam combined cycle 7,400-20,000 gallons
Coal and oil 21,000-50,000

Nuclear 25,000-60,000

Webber, M. E. (2008). Catch-22: Water vs. Energy. Scientific American Inc. 18: 34.
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Water requirements of biofuels

Sugar cane =thanol )
(from sugar)

Sugar beet =thanol 7000
(from sugar)

Ethanol
(from starcl

Maize Ethanol
(from starch)
Rapeseed i
S

(oo | wowes ||

Cassava
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Corn-based ethanol in the US (projections)

[ Total ethanol production === Renewable fuel standard = Maize use (ri. axis)

Billions litres (ethanol) Millions tonnes (maize)
50 120

0
1995 1997 1999 2001 2003 2005 2007 2009 2011 2013 2015
Source: OECD-FAO outlook, 2007
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Water & Biofuels (Ethanol & Biodiesel)
Gallons of Water Depleted to Travel 100 Miles

(Ethanol from irrigated corn. Hydrogen from electrolysis)

Gy 606060600006060600 13520

Litres Water to Produce 1 Litre Fuel

Fuel (feedstock) (L h2o/L fuel)
()/)(} Ethanol

Plagin hybrid electric vehic CoiT 10-324

% G114 Switch Grass 1.9-9.8

Webber M-E. (2008). Gasoline

USA Conventional Crude 3.4-6.6

Saudi Conventional Crude  2.8-5.8

Canadian Oil Sands 26-6.3

Wu et al. (2009)

Hydiogen fusl-cell vehicle
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Sugarcane-based ethanol (Brazil)

[ Ethanol production — Sugar canc use

Bilons lires (ethancl) Millons tornes (sugar cane)
50 600
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e Current transport fuels needs: 77 EJ
« Biofuels
Ethanol (2004) 0.84EJ 9.5 Mha
Bio diesel (2003) 0.06 EJ 0.5 Mha
(~ 1 % of the total demand for transport fuel)

» 856 Mha would be required to meet
current fuel needs

www.fao.org/nr/water
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Bio-fuels

~240 Kg of maize are needed to
produce 100 liters of ethanol

1 liter of biofuels requires 2500 | Z-
of water (on avg) B Yo
; Either fill the tank of a SUV or
feed one person for a year
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; Increase competition for land
|and water and between use
of crops for food versus fuel
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Arable land =12.5 % of total land

Land cover

P
Arctic & bare areas
5 Shrub/sparse herb.

w3 Cropland
ma Regularly flooded
= Tree cover
Water bodies
\
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FAO Food Price Index

Nominal »
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Ha per capita

Billion human beings
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D Developed countries
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Arable land has limited opportunity of expansion

Arable land

million ha

World Developing  Developed
Countries countries
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Legend
Bl aeer scarcity

:
No or litle scarcity -
B Moderate land scarcity ©

B i o~ Agricultural systems at risk

www.fao.org/nr/water

www.fao.org/nr/water

&%

(VIeINISe] MOSAICC: MOdeling System
for Agricultural Impact of
limate Change

) b

Integrated impact assessment on crop
yields, from climate data handling to
economic assessment

www.fao.org/nr/water

www.fao.org/nr/water

www.fao.org/nr/water



FAQ
WATER
Food demand in 2050 = today x 2

We are facing a progressive water and land scarcity

This situation is aggravated by anticipated impact
of climate change

Energy, water, food, climate and land are all linked.

There is a need to quantify these relationships

The CLEW system-modeling tool may represent the
right approach to provide the inter-sectoral policies
needed to tackle the related nexus and implications

The challenge lies in the capacity to address
complexity and manage interdisciplinary
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