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m The presentation can be freely used for

educational purposes, but not for commercial
purposes.

m When using this presentation or pieces from it,
due credit should be given to the author (Prof. A.
Hoekstra ; Prof. W. Gerbens-Leenes).

m Useful background publications:

* Hoekstra, A.Y., Chapagain, A.K., Aldaya, M.M. and
Mekonnen, M.M. (2011) The water footprint
assessment manual: Setting the global standard,
Earthscan, London, UK.

* Hoekstra, A.Y. and Chapagain, A.K. (2008)
Globalization of water: Sharing the planet's

freshwater resources, Blackwell Publishing,
Oxford, UK.



Overview

- Freshwater scarcity & pollution

- The water footprint of products

- National water footprint accounting

- The water footprint of a business

- WF sustainability assessment
- Response: reducing water footprints

- Water Footprint Network




Freshwater scarcity
and pollution
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Signs of global water pollution
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Distribution of Earth's Water
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Estimated annual world water use
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The water footprint
of a product




'( The water footprint of a product
8

» the volume of fresh water used to produce the product,
summed over the various steps of the production chain.

» when and where the water was used:
a water footprint includes a temporal and spatial dimension.



'( The water footprint of a product
9

Green water footprint s
» volume of rainwater evaporated or mcorporated |

Blue water footprint ,
» volume of surface or groundwater evaporated
incorporated into product or returned to other catchment or the sea.

Grey water footprint
» volume of polluted water.




'( Components of a water footprint
@

Direct water footprint Indirect water footprint

Green water footprint Green water footprint
Water withdrawal
Return flow Blue water footprint Blue water footprint

/ Grey water footprint Grey water footprint
The traditional

statistics
on water use
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[Hoekstra et al., 2011]



# The green and blue water footprint in relation to the
¢ Wwater balance of a catchment area

Precipitation

Soil and vegetation Ground- and surface water

Green water footprint Blue water footprint

A A
4 N7 N

Non
production-related

o Production-related i ion- i
evapotranspiration Water contained Production-related Water contained  Water transfer to

evapotranspiration in products evapotranspiration in products other catchment

\ A 1 W

Runoff from
catchment

[Hoekstra et al., 2011]



Assessing the blue and green process water footprint of
growing a crop
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Green water evdpotranspiration =
min (crop Water.requi'remen;, effective precipitation)
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Blue water evapotranspiration=
min (irrigation requirement, effective irrigation)
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1. Calculate reference crop evapotranspiration ET, (mm/day)

A e.g. Penman- Montelth equatlon N _ ’ \;\ I A
J : 5 , ‘ \ PN
2 Caléulate crop evapptransplratlon Et (mm/(‘:lay) <‘ TR )
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Irrigation requirement = crop waterrequirement — effective rainfall .
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[Hoekstra & Chapagain, 2008]



Water footprint of EU’s cotton consumption (green water)

Green water footprint
Million m3/yr
0
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EU25's impact on green water resources

[Hoékstra & Chapagain, 2008]




Water footprint of EU’s cotton consumption (blue water)

"Blue water footprint
Million m3/yr
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Water footprint of EU’s cotton consumption (grey water)

" Dilution water footprint
Million m®yr
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[Hoékstra & Chapagain, 2008]







oy o

B >




This is a global average and aggregate number. Policy decisions should be taken on the basis of:

1. Actual water footprint of certain coffee at the precise production location.
2. Ratio green/blue/grey water footprint.
3. Local impacts of the water footprint based on local vulnerability and scarcity.
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[Hoekstra & Chapagain, 2008]



[Hoekstra & Chapagain, 2008]



1500

[Hoekstra & Chapagain, 2008]
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[Hoekstra & Chapagain, 2008]
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[Hoekstra & Chapagain, 2008]



f The water footprint of a cow

»/ 1300 kg of grains
(wheat, oats, barley, corn, dry peas, soybean, etc)

7200 kg of roughages \ 3,100,000
(pasture, dry hay, silage, etc) 99% b

Water  ’
» 24000 litres for drinking 1%
». 7000 litres for servicing

[Hoekstra & Chapagain, 2008]
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. 200 kg of
‘ » " 4 boneless beef

[Hoekstra & Chapagain, 2008]
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[Hoekstra & Chapagain, 2008]



The water footprint
of energy
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'( Water - energy nexus
&

m The water sector is becoming more energy-intensive.

m desalination
B pumping deeper groundwater
m |arge-scale (inter-basin) water transfers

m The energy sector is becoming more water-intensive.
m biomass



[Hoeketra & Chanaaain 2004



'( Water footprint of energy

%

Primary energy carriers Global average water
footprint (m3/GJ)

Non-renewable | Natural gas 0.11

Coal 0.16

Crude oll 1.06

Uranium 0.09
Renewable Wind energy 0.00

Solar thermal energy | 0.27

Hydropower 22

Biomass energy 70 (range: 10-250)

[Gerbens-Leenes. Hoekstra & Van der Meer, 200



Water footprint of biofuels from different crops [litre/litre]
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o8 Water footprint per region when 10% of transport fuels

s are derived from bio-ethanol
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'( Water footprint of bio-energy in context
&

Canada

Mexico

Blue water demand vs. water supply North America 2030

B Available intermal renewable blue water
O Envronmental flow

B Industnal withdrawal

O Domestic withdrawal

O Agncultural withdrawal

O Blue biofuel WF

500

1000

1500

2000 2500 300C
(km "3/yr)

Van Lienden et al. (201



Biofuels: A Solution for Climate Change ?
(source:Shabbir H Gheewala, 2013)

The idea Is that
the CO,
production during
combustion of the
biomass Is
compensated by
CO, consumption
during growth of
the plants
(photosynthesis)




.... Why are biofuels considered (NOT) to be

0 reen? (source: Shabbir H Gheewala, 2013)
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(source:Shabbir H Gheewala, 2013)
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“We've gathered to give thanks for our bountiful harvest.
But it seems all our corn crop went to ethanol production.”

EMAIL . hpayne@detnews. com



Biofuels and rainforests

(source: Shabbir H Gheewala, 2013)

*“Rain Forest for Biodiesel? Ecological effects of using palm
oil as a source of energy” WWF report

* “Forests paying the price for biofuels” New Scientist
* “Europe's move to biofuels threatens rainforest” MSNBC

* “Biofuels boom could fuel rainforest destruction, Stanford
researcher warns”

« “Biofuels menace rainforests” guardian.co.uk

* “Biofuels make climate change worse, scientific study
concludes” The Independent



Biofuels and climate change

(source: Shabbir H Gheewala, 2013)

* “Biofuels make climate change worse, scientific study
concludes” The Independent

* “Biofuels will speed climate change, chief scientist says”
news.scotsman.com

* “CLIMATE CHANGE: Biofuels Worse Than Fossil Fuels,
Studies Find” ipshews.net

* “Another Inconvenient Truth: How biofuel policies are
deepening poverty and accelerating climate change” Oxfam
Briefing Paper



Expanding system boundaries of biofuels
needed

(source: Shabbir H Gheewala, 2013)

* only in use phase biofuels are carbon neutral.

e from the cultivation to end use — carbon benefits are
achievable.

» expand the boundary further to include land use change
effects, carbon benefits are questionable

— sugarcane cultivation on grassland — net benefits feasible

* ripple effects throughout the whole world

— how does reduced soybean production in the US affect palm oil prices (and probably
Impacts too) in Thailand?

— what if biofuel production results in displaced food production at another location where
forests are cleared?

— should these be part of the "environmental baggage" of the biofuel?
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( Water footprint of a consumer
8

» the total volume of water appropriated for the production of the
goods and services consumed.

» equal to the sum of the water footprints of all goods and services
consumed.

» dimensions of a water footprint
* volume
* where and when
 type of water use: green, blue, grey



'( The total water footprint of a consumer in the UK
@

» about 3% of your water footprint is at home.

150 litre/day

» about 97% of your water footprint is ‘invisible’, it is
related to the products you buy in the supermarket.

3400 litre/day for agricultural products
1100 litre/day for industrial products

» about 60 to 65% of your
water footprint lies abroad.




'( Meat versus vegetarian diet
@

Vegetarian

Meat diet kcal/day | litre/kcal | litre/day diet kcal/day | litre/kcal | litre/day
|
Industrial _ _
countries Animal 950 25 s || S 300 25 750
origin origin
Vegetable 2450 0.5 1205 | Vegetable 3100 05 1550
origin origin
Total 3400 3600 |)  Total 3400 2300
Developing _ _
countries Animal 350 25 iy | ITED 200 25 500
Orlgln Orlgln
Vegetable 2350 0.5 175 | Vegetable 2500 05 1250
Orlgln Orlgln
Total 2700 2050 |)  Total 2700

1750




National water footprint
accounting




'f Water footprint of national consumption
8

» total amount of water that is used to produce the goods and services
consumed by the inhabitants of the nation.

» two components:
* Internal water footprint — inside the country.
« external water footprint — in other countries.

» water footprint of national consumption =
water footprint within the nation + virtual water import
— virtual water export



National water use accounting framework

Internal External WF of
water ' . water national
footprint | | footprint consumpt.
P +
Water use _Virtual water _ Virtual
| for export " | importforre- : water
| et export
WF Virtual Virtual
within water water
nation import budget
dd
| -
@
The traditional g
statistics on —

water use, but
then limited to
withdrawals

Productio

Consumption

Export



Country/region

National water footprint (Gm3/year)

from the

pers lve of

from the
perspective of
consumptian

Australia / 91 \ 27
Canada [ 123\ 63
China 893 883
Egypt 59 70
EU25 559 744
India 1013 987
Japan \ 24 / 146
Jordan \ 1.8 / 6.3
USA N\ 750 / 696

Traditional statistics
on water use, but
then restricted to
water withdrawal

WF within
a nation

[Hoekstra & Chapagain, 2008]




"~

Regional virtual water balances
(only agricultural trade)

North America

" g
\

Central America

b

Net virtual water import (Gm3/yr)
I -108 North America
I -107 South America

[ ]-70
45
L1
116
-5
2
I 13
ol 1
B 47
B 150
152

Oceania

North Africa
South-east Asia
Central Africa
Southern Africa
Central America
Former Soviet Union
Eastern Europe
Middle East

Central and South Asia
Western Europe

Southern Africa

. Arrows show trade flows >10 Gm3/yr -

’ MV . Sas .
S gu ;,53— " [Hoekstﬁhapagain, 2008]




Water footprint per capita

Water footprint (m*/cap/yr)

3000

2500

O Domestic water consumption O Industrial goods ® Agricultural goods

2000

1500 -

1000

500 -

China

India
Japan
Brazil
Mexico
Russia
Nigeria
Italy
USA

)
c
°
'®
e
l—

Pakistan
Indonesia

[Hoekstra & Chapagain, 2008]



'f Water footprint — Carbon footprint
8

Water footprint Carbon footprint

- measures freshwater appropriation - measures emission GH-gasses

- spatial and temporal dimension - no spatial / temporal dimension

- actual, locally specific values - global average values

- always referring to full supply-chain - supply-chain included only in ‘scope 3

. focus on reducing own water footprint carbon accounting’
(water use units are not - many efforts focused on offsetting
interchangeable) (carbon emission units are

interchangeable)

Water footprint and carbon footprint are complementary tools.

[Hoekstra et al., 2009]



'f Water footprint — Life cycle assessment
8

LCA
- measures overall environmental impact

Water footprint
- measures freshwater appropriation

. multi-dimensional (type of water use, - no spatial dimension

location, timing)

. actual water volumes, no weighing - weighing water volumes based on
impacts

For companies, water footprint assessment and LCA are complementary tools.

WF assessment is a tool to support formulation of a sustainable water
management strategy in operations and supply chain.

LCA is a tool to compare the overall environmental impact of different products.

WF is a general indicator of water use; application of WF in inventory phase of LCA
IS one particular application.

[Hoekstra et al., 2009]



Stop waste of ‘blue water’
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Make better use of ‘green water”
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http://www.mjsphotographyonline.com/Landscapes/Landscapes/1956298_FPuJX#925978210_joCiH

Grey water footprint 4 zero
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Towards organic farming Towards zero emission




f Reducing humanity’s water footprint — Consumers

Reduction of the direct water footprint:

m water saving toilet, shower-head, etc.
“Save water in the supermarket”

substitution of a consumer product that has a larg
by a different type of product that has a smaller wat

Ask product transparency from businesses and regulation
from governments



'( Transparency along the supply chain
é

Indirect Indirect Indirect Indirect
water water water water
footprint footprint footprint footprint

Food
processor

Livestock
farming

Feed crop
cultivation

E U E

Direct Direct Direct Direct Direct
water water water water water
footprint footprint footprint footprint footprint



f Reducing humanity’s water footprint — Government
8

Embed water footprint assessment in national water policy making.

Promote coherence between water and other governmental policies:
environmental, agricultural, energy, trade, foreign policy.

Reduce the own organizational water footprint:
m reduce the water footprint of public services.

Promote product transparency

m support or force businesses to make annual water footprint accounts and to
implement water footprint reduction measures.

m e.g. through promoting a water label for water-intensive products;
m e.g. through water-certification of businesses.



'( The Water Footprint Assessment Manual

Water
Footprint
Assessment
Manual

Setting the Global Standard

Manual Nov. 2009 Manual Feb. 2011



Globalization of water




/= Waterfootprint.org: Water footprint and virtual water - Windows Internet Explorer

" B j http://www.waterfootprint.org/?page=files/home
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Extra Help
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Introduction

Agenda

About WFN

Product Water Footprints
Your Water Footprint
National Water Footprints
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Global Water Footprint
Training Materials

Publications

Glossary
FAQ
Links

Contact

Introduction

Water Footprint

NETWEORK

[Chinese] [Dutch] [French] [German] [Italian] [Spanish] [Turkish]

People use lots of water for drinking, cooking and washing, but even more for producing things such as food,
paper, cotton clothes, etc. The water footprint is an indicator of water use that looks at both direct and indirect
water use of a consumer or producer. The water footprint of an individual, community or business is defined as
the total volume of freshwater that is used to produce the goods and services consumed by the individual or

community or produced by the business.

1350 litres water

Press release World Water Day

_1 kg wheat

T

Highlights of the site

Water footprint calculator
Product gallery

UNEP joins the Water Footprint Network, working towards a globally shared water footprint standard, read

maore...

The relation between consumption and water use

"The interest in the water footprint is rooted in the recognition that human impacts on freshwater systems can
ultimately be linked to human consumption, and that issues like water shortages and pollution can be better
understood and addressed by considering production and supply chains as a whole,” says Professor Arjen Y.
Hoekstra, creator of the water footprint concept and scientific director of the Water Footprint Network, "Water
problems are often closely tied to the structure of the global economy. Many countries have significantly
externalised their water footprint, importing water-intensive goods from elsewhere. This puts pressure on the
water resources in the exporting regions, where too often mechanisms for wise water governance and
conservation are lacking. Not only governments, but also consumers, businesses and civil society communities
can play a role in achieving a better management of water resources.”

Water Footprint
Manual

Practical guide on water
footprint assessment

Globalisation of
Water

Comprehensive book on
water footprint and virtual
= water trade.

Key publications

Water Footprints of Nations
Water Footprint Bioenergy

Download other publications
List of publications




/= Waterfootprint.org: Water footprint and virtual water - Windows Internet Explorer

@ - . _*J http://www.waterfootprint.org/?page=files/productgallerv&product=coffee
Bestand Bewerken Beeld Favorieten Extra Help

¥ | Waterfootprint.o.. X

Water Footprint
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Product Gallery

Introduction
Agenda
About WFN

Product Water Footprints O fh " ‘5
Your Water Footprint ‘ \

\

|

National Water Footprints ; Bread Cheese “Chicken Coconuts
meat
Corporate Water Footprints

Global Water Footprint

Training Materials e Productgallery
Publications
Coffee

Glossary . .

- | Water footprint: 140 litres for 1 cup of
FAQ coffee.
Links ! It costs about 21000 litres of water to

‘ produce 1 kg of roasted coffee. For a

Contact standard cup of coffee we require 7 gram

of roasted coffee, so that a cup of coffee
costs 140 litres of water. Assuming that a
standard cup of coffee is 125 ml, we thus
need more than 1100 drops of water for
producing one drop of coffee. Drinking tea
instead of coffee would save a lot of
water. For a standard cup of tea of 250 ml
we require 30 litres of water.

The world population requires about 120

billion cubic metres of water per year in

order to be able to drink coffee. This is

equivalent to 1.5 times the annual Rhine

runoff and constitutes 2 % of the global
—— water use for crop production.



/= Waterfootprint.org: Water footprint and virtual water - Windows Internet Explorer
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- ﬂ http://www.waterfootprint.org/?page=cal/WaterFootprintCalculator
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Introduction
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About WFN
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Your Water Footprint

Extended Calculator

Water Footprint

NETWEORK

Your individual water footprint is equal to the water required to produce the goods and services consumed by
you. Please take your time and feel free to use the extended water footprint calculator to assess your own
unique water footprint. The calculations are based on the water reguirements per unit of product as in your

country of residence.

Note: put decimals behind a point, not a comma (e.g. write 1.5 and not 1,5).

Selecta Country -

Food consumption

Cereal products (wheat, rice, maize, etc )
Meat products

Dairy products

Eggs

How do you prefer to take your food?

How is your sugar and sweets consumption?
WVegetables

Fruits

Starchy roots (potatoes, cassava)

How many cups of coffee do you take per day?

How many cups of tea do you take per day?

Domestic water use

kg per week

kg per week

kg per week

number per week
High fat -
High -

kg per week

kg per week

kg per week

cup per day

cup per day




