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Annual water reguirement per person

Sufficient > 1700 m?3
Water stress 1000 -1700 m3
Scarcity 500 - 1000 m?

Extreme scarcity < 500 m3

From Falkenmark & Widstrand, 1992




Annual water use per capita for
household, services, industrial activities

100 m3 household
140 m3 services

126 m3 industry

57 m3 household

35 m3 services (average 2002—2012)

140 m3 industry e Industry, excl. thermoelectric power

~230 m3

12 m3 household
8 m3 services

=8 AFRICA 7 m3 industry

From Aquastat FAO and USGS, 2014



Estimated annual world water use total

and by sector 1900—-2025

Evolution of Global Water Use

Withdrawal and Consumption by Sector
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“ﬂ Note: Domestic water consumption in developed countries (500-800 litres per person per day) LPPE REKACE I
UNEP is about six times greater than in developing countries (60-150 litres per person per day). FEBRUARY 2002

Source: Igor A. Shiklomanov, State Hydrological Institute (SHI, St. Petersburg) and United Nations Educational,Scientific and Cultural Organisation (UNESCO, Paris), 1999.



Irrigated crop water productivity

Crop No. of studies | Median per study | Overall median

kg/m® kg/m*®

30 0.58 — 2.23 1.06
0.46 — 1.84 0.89
1.01 — 2.92 1.78

“SBata are from Studies from 1996 to 2011
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Crop water productivity
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FromLiu et al. 2007




Rule of thumb:
10 times more water is needed per unlt of energy
from meat than from plants




20%. Tew N '. i ‘egetarian:
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Water availability in Israel in cubic meter
per person and year (average 2000—2010)

Internal surface & groundwater 110
Fossil groundwater 26
External surface and groundwater 147
Desalination and recycling 81
Total 361
Rain-fed agriculture 101
Import of crops 795
Import of meat and dairy products /5
Total virtual water import 870
Overall 1,332

From: Aquastat FAO, FAOstat WRI, Yang et al., 2007 and Liu et al., 2009
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Net virtual water trade by country
(average over the period 2000—2006)

Unit: cubic km
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Impact of climate change on crop production
(Wheat, maize & rice)

é ' ' - Decrease with high confidence

- - Decrease with medium confidence

Decrease with low confidence

Increase/Decrease mix

Increase with low confidence

Liuetal.2013
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Change in crop yield

Harvest area (%)

Wheat
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Projection of water availability
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Fate of fertilizer in European agriculture

Fertilizer
100% N and P

Environment  Crop residue Crop

N: 59-72% N: 3-6% N: 25-35%
P: 82-91% P: 1-3% P: 8-15%






Temporal inputs and losses of nitrogen (EU-27)
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Nitrogen loss to the atmosphere (wheat)
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Nitrogen loss to the groundwater (wheat)
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Global net nitrogen flow

Total annual fluxes:
3.2 milliontons nitrogen and 0.45 million tons of phosphorus

Liu et al. unpublished




Energy needs for water supply
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Typical energy consumption in a city

Drinking water 7%

City buidings: heat ' Waste & wastewater 2%

Streetlights 4%

Tram & bus City of Zurich Switzerland
Data from the City of Zurich

City buildings: electricity

Miscellaneous Water pumping &
water treatment

Buildings

Streetlights

Typical Southern Californian City

Data from Robert Wilkinson, UC Santa Barbara Wastewater treatment



US Freshwater withdrawal

Publicsupply

Thermoelectric 13% Domestic
41% 1%

Irrigation
37%

5o,  Aquaculture Livestock

2% 1% DOE 2012



Water-(Food)-Energy Nexus

Conventional gas
Coal
Shale gas

Refined oil (conventional)

Refined oil (oil sands
Gas-to-liquids
Coal-to-liquids
Refined oil (EOR)
Lignocellulosic ethanol
Palm oil biodiesel
Rapeseed biodiesel
Soybean biodiesel
Corn ethanol
Sugarcane ethanol
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IEA, 2012
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Can everybody eat and guzzle fuel?

Vegetarian food
for one person

fora year

[%%%S k&«@ Sra A

....equals about
120 liter bioethanol,

one tank filling for an
off-roader




Conclusions

1. Future demographic trajectories and water scarcity will
further accelerate international food trade, global nutrient
cycles and adversely impact the environment.

2. Most energy solutions fail without water; but all water
solutions fail without energy (Nick Hodge, in Energy and
Capital, June 9th 2008).

3. Food for fuel is the most unsustainable solution.



