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THE BARILLA CENTER
FOR FOOD & NUTRITION

he Barilla Center for Food & Nutrition (BCFN) is a center of multidisciplinary
analysis and proposals which aims to explore the major issues related to food
and nutrition on a global scale.
Created in 2009, the BCFN intends to listen to the demands emerging from society
today by gathering experience and qualified expertise on a worldwide level and pro-
moting a continuous and open dialogue.
The complexity of the phenomena under investigation has made it necessary to adopt
a methodology that goes beyond the boundaries of different disciplines: hence, the
breakdown of the topics under study into four broad areas: Sustainable Growth for Food,
Food for Health, Food for All and Food for Culture.
The areas of analysis involve science, the environment, culture and the economy; with-
in these areas, the BCFN explores topics of interest, suggesting proposals to meet the
food challenges of the future.
In line with this approach, the activities of BCFN are guided by the Advisory Board,
a body composed of experts from different but complementary sectors, which makes
proposals, analyzes and develops the themes and then drafts concrete recommenda-
tions regarding them.
One or more advisors were then individuated for each specific area: Barbara Buchner
(expert on energy, climate change and the environment) and John Reilly (economist)
for the area Food for Sustainable Growth; Mario Monti (economist) for the area Food
For All; Umberto Veronesi (oncologist), Gabriele Riccardi (nutritionist) and Camillo
Ricordi (immunologist) for the area Food for Health; Claude Fischler (sociologist) for
the area Food for Culture.
In its first two years of activity, the BCFN created and divulged a number of scientific
publications. Driven by institutional deadlines and priorities found on the interna-
tional economic and political agendas, in these first years of research it has reinforced
its role as a collector and connector between science and research on the one hand, and
policy decisions and other governmental actions on the other.
The BCFN has also organized events which are open to civil society, including the In-
ternational Forum on Food & Nutrition, an important moment of confrontation with the
greatest experts in the field, now in its second edition. The BCFN continues its path
of analysis and sharing for the third year, making its content accessible to as many in-
terlocutors as possible and acting as a reference point on issues of food and nutrition.
In particular, in the Food for Sustainable Growth area, the Barilla Center for Food &

Nutrition has examined the issue of the use of natural resources within the food chain,



pointing out the weaknesses and drafting proposals to improve and assess the impact
on the environment by the production and consumption of food.

The document that we present is part of that sphere of activity, seeking to investigate
how to manage, govern and sustainably use the resource-water so as to tackle one of
the biggest challenges that society faces today on a global scale: the reduction in water

supplies and the decrease of freshwater available for the living beings on our Planet.
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Water Economy

EXECUTIVE SUMMARY

Introduction

e only realize that water is a value when it is scarce. So far, the problem seemed

limited to the most unfortunate countries, but things could change because the

water of “quality” — that is to say, fresh and unpolluted - represents only a tiny
percentage of our reserves.
And we always use more: both because the population of the Earth is increasing and
because of the greater wellbeing achieved by many countries that drives people to con-
sume (and waste) more water. Consumption should be considered not only in terms of
“real” (by calculating the quantities that are used to care for themselves, for cooking or
cleaning the house), but also “virtual” (in terms of a water footprint), estimating all the
water that was used throughout the life cycle of any product or service purchased. Suffice
it to say that if you change your eating style — for example by switching to a diet rich in
fruits, vegetables and whole grains, limiting the amount of animal protein — this can also
significantly reduce “virtual” water consumption.
So, while on the one hand the demand grows and the resources shrink, on the other —
even if pollution and climate change are to blame — there is no doubt that the economic
value of water will grow, as will the inequalities, that already exist today, between those
who have water and those who have much less and which will bring new frictions. We
know very well how much interest and dramatic litigation the control of oil fields can
generate: the conflicts over water could be even more severe. Also because, ultimately,
you can survive without oil, but not without water.
So we need a concerted effort to adopt a more rational use of water, especially in agricul-
ture (which represents the “scooping” industry par excellence) and on a personal level
(for example, diets with water saving). There is also the need to formulate new legisla-
tion that will truly ensure the “right to water” and define the boundaries of privatization
which, on the one hand, could lead to benefits in terms of greater efficiency in the man-
agement of the sources, and on the other, must be carefully controlled to avoid undue
increases in prices and less accessibility for the most vulnerable population.
For this reason, we decided to be the first to speak about water economy, and it is in this
spirit that the Barilla Center for Food & Nutrition aims, with this document, to provide
the community with the main scientific, legal, economic and social evidence that will
allow everyone to take part in the discussion.
Because the challenge of water economy starts now: to win it, we need the cooperation

of everyone.



Executive Summary

In the near future, partly because of global warming and pollution, the amount of freshwa-
ter available to humanity may not be sufficient to meet the growing demand. If the trend of
demographic and economic development should be confirmed, and if we do not adopt new
systems to avoid waste and reduce consumption, the value of water resources will eventu-
ally increase enough to seriously affect the global economy and geopolitical balance.

This is why managing and governing the resource of water and its use represent one of the

biggest challenges that society faces today on a global scale.

1. Availability of water: from abundance to scarcity

The issue of the current and future availability of water was introduced through a photograph
of the current scenario of water resources, both considering its agricultural, industrial and
domestic use and the greater consumption which is expected in the future.

In this regard, the major global phenomena were identified which have a significant impact
on water consumption (population growth, increasing prosperity of the population result-
ing in changes in lifestyles and dietary habits, urbanization and expansion of economic ac-
tivities, production of biofuels) and on the reduction of available water resources (climate
change and pollution).

Overall, our planet has approximately 1.4 billion km? of water. However, it is estimated that
only a little less than 45,000 km? of water (equal to 0.003% of the total) are theoretically ac-
cessible and only 9 to 14,000 (representing approximately 0.001% of the total) are actually

available for use by mankind, being of sufficient quality, accessible and affordable.

The current and future scenario referring to water resources
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The causes of water consumption
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Source: Barilla Center for Food & Nutrition, 2011
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Water Economy

By analyzing the location of water, you can see that the freshwater resources are un-
evenly distributed among the regions of the planet: 64.4% of global water resources is
located in just 13 countries.

The allocation of water resources is tilted towards the agricultural sector, with a 70%
consumption of freshwater, while 22% is for industry and the remaining 8% is used for
domestic purposes.

It should be stressed that more than one in six people in the world will not meet the minimum
standards, set by the UN at 20-50 liters of freshwater per capita per day, which are necessary
to ensure the basic needs related to nutrition and hygiene.

Along with emerging technologies for water management, an important role is played by
modern irrigation techniques which, in agriculture, provide adequate resources to 20% of the
cultivated area in the world, while the remaining 80% is based instead on rainwater.

The current water demand, which is already very high, will grow steadily in the future, lead-
ing to a situation of progressive scarcity, particularly in certain areas of the globe.

From an environmental perspective, water is considered “scarce” when more than 75%
of river and groundwater resources are withdrawn to be used in agriculture, industry and
households: in this case, the exploitation is approaching (or has already exceeded) the limit
of sustainability.

The scenario expected by 2025 of the shortage of water is dramatically worse than at present.
The areas with a high harvest rate of resources available (over 20%) will increase substantial-
ly, extending across the entire territory of the United States, continental Europe and Southern
Asia and will worsen, in terms of percentage, in large areas of Africa and the Indian peninsula.
It is estimated that somewhere between 15% and 35% of current water withdrawals for irriga-
tion will not be sustainable in the future due to population growth, the persistence of inef-
ficient irrigation practices and the increasing competition in act for use of water resources.
Furthermore, it is estimated that with the growth of the population by 2025, water withdraw-
als necessary to meet the demand will increase by 50% in developing countries and 18% in

developed countries.

2. Reality and prospects of the right to water

<

The “right to water “ — which only recently was recognized for the first time in history as
a universal and fundamental human right, through a UN Resolution on July 29, 2010 - is
embodied in the recognition of each individual, without discrimination, to have the pos-
sibility of access to water.

Making drinking water available in sufficient quantity and quality to meet the basic needs
of a person is a target (No. 10) of the Millennium Development Goals (MDG); it aims to
“reduce by half by 2015, as compared to 1990, the proportion of people without sustainable
access to safe water and basic sanitation.”

In 2008, about 884 million people were without access to sufficient and adequate water —
of these, 84% lived in rural areas —, while 2.6 billion people lacked the possibility of receiv-
ing adequate sanitation systems.

The analysis conducted by the WHO/UNICEF on the progress made to achieve the acces-
sibility of drinking water (target 10) shows that the current situation is only partly in line
with its target.

In fact, if the current trend is maintained, by 2015 the percentage of the population with
access to water in their homes will exceed their target of 90%, thus reducing to 672 million

those people who will still be without.



Instead, it will not be possible to reach the goal of halving the number of people without ac-
cess to adequate sanitation because the result would be less than 13 percentage points than
what was expected. It is estimated that in 2015, approximately 2.7 billion people will have
no access to basic sanitation.

A cost-benefit analysis conducted by the WHO about the real possibility of achieving num-
ber 7 of target #10 of the Development Goals and its plan of operations estimates that every
U.S. dollar invested to improve access to water and sanitation would generate economic
returns ranging between 3 and 34 U.S. dollars by 2015.

3. Choices and attitudes for a sustainable consumption of water

The water footprint of a product (a commodity, good or service) is made up of the volume
of freshwater consumed to produce it, adding up all the stages of its life cycle.

The comparison of the water footprint (in cubic meters per ton) of certain agricultural
products in some countries of the world expresses considerable differences between differ-
ent products, both in comparing them to one another and taking into account the place of
production.

In particular, livestock products (meat, eggs, milk and dairy products) have a greater water
footprint than those that are cultivated, since livestock consumes a large amount of crops
as food, in some cases for several years, before being processed into food.

In addition, the water footprint of a product can vary greatly from place to place, depend-
ing on factors such as climate, the agricultural techniques adopted, the yield of crops, etc..
The different dietary habits, therefore, imply a greater or lesser consumption of water re-
sources. In fact, a person uses an average of two to five gallons of water per day for drinking,
while the consumption of virtual water daily to feed oneself ranges from about 1500-2600
liters in the case of a vegetarian diet to around 4000-5400 in the case of a diet rich in meat.
So if everyone on the planet adopted the average diet of Western countries, which is char-
acterized by a high consumption of meat, you would need an increase of 75% of the water
currently being used to produce food.

By flanking the food pyramid with an environmental water pyramid, similar to the one pro-
posed by the Barilla Center for Food & Nutrition in its previous work, Double Pyramid: healthy
food for people, sustainable for the planet, you get a double pyramid which shows that most of the

food we suggest be consumed more frequently is also the food with a smaller water footprint.

4. The water footprint of a nation and the trade in virtual water

The water footprint can be calculated not only for each product or activity, but also for
every well-defined group of consumers (an individual, a family, the inhabitants of a city, a
nation) or producers (private companies, public organizations, economic sectors).

The global water footprint amounts to 7452 billion m® of freshwater per year, equal to 1243
m® per capita per year, i.e., more than twice the annual flow of the Mississippi River.
Considering the water footprint in absolute terms, the country that consumes the greatest
volume of water is India (987 billion m?), followed by China (883) and the United States
(696). Taking into account the values per capita, instead, the citizens of the United States
have an average water footprint of 2483 m? water per year, followed by Italians (2232) and
Thailand (2223). The differences between countries depend on a number of factors. The

main four are: the volume and model of consumption, climate and agricultural practices.
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Water Economy

Trade between countries determines a transfer in the flow of virtual water (virtual water
trade), since the raw materials, goods and services are characterized by a certain virtual
water content.

The water footprint is then disassembled into two parts: the internal water footprint (i.e.,
the consumption of domestic water resources) and the external water footprint (consump-
tion of outside water resources; that is, coming from other countries).

Europe is a net importer of virtual water and its water security depends heavily on external
resources.

Globalization of water use appears to result in both opportunities and risks, in that the level
of interdependence among countries in the exchange of virtual water is expected to grow,
given the ongoing process of liberalization of international trade.

One of the main opportunities is the fact that virtual water can be considered as an alterna-
tive source of water, allowing local resources to be preserved.

Moreover, globally, it is possible to save the volume of water consumed when a product
is marketed by a country with high productivity of water resources (for that product) to
another with low productivity.

The main hazards are represented by the fact that each country could experience an exces-
sive dependency on the water resources of other nations, as well as the fact that importation
of products with high virtual water content implies the outsourcing of indirect effects in-
volving the exploitation of this resource by the importing country to the exporting country.
This phenomenon is referred to as “water-colonialism,” i.e., a new form of domination by
rich countries to the detriment of poorer ones which, driven by demand for goods from
abroad, are likely to dry up their water reserves.

Water as a strategic objective is more and more often the source of conflict between States,
generated by the competition for different water uses (domestic, industrial, agricultural)
within a State, or the use of a common body of water that crosses borders. Suffice it to say
that the watersheds shared by several countries account for almost half the Earth’s surface

and are shared by 145 countries.

5. The privatization of water: between public and private

The term “water privatization” can refer to three different areas.
The first is that of private property rights on water resources, while allowing its free trade: this
kind, found in some developing countries, is far from the European experience, where water
is safely in the hands of the community. Our institutional system is, in fact, not always based
on the public ownership of resources, but on the regulation of the use of a common property
resource and, as such, an inalienable right. The user, therefore, does not “buy the water” but
acquires the right to use it.

The second area is the involvement of private sector in the management of water services, accord-

ing to three different management models:

- Territorial monopoly : annuity that is privatized and regulated, applied in the United King-
dom, and which is based on the actual transfer of ownership of the entire infrastructure and
the control of water into the hands of private operators;

- Public ownership, with private individuals entrusted with temporary custody through the
procurement system, as in France;

- Public ownership and governance, such as in Italy and Germany, with the acquisition from
the market of the resources necessary for service delivery.

The third area is the involvement of the private sector in financing infrastructure and services,



because traditional channels of public finance are no longer sufficient to guarantee the neces-
sary capital and distribute it appropriately and in a timely manner.

The “privatization” of water brings both benefits and risks with it

Among the main benefits is the alleged belief that the private sector is more efficient than
the public sector in optimizing the management of water distribution, as well as streamlining
costs in order to reduce the rates for users. In addition, the awarding of these contracts allows
private enterprises to share the cost of network maintenance of the aqueduct, against the sale
profits.

But the privatization of water resources can also bring some risks, such as very substantial
increases in rates instead of the planned reduction of the same, or the breach of private opera-
tors towards their obligations to the development of water supply, especially to the poorest
neighborhoods.

But if water is a good for everyone, only an effective system of democratic control can provide
adequate security to address risks arising from a model of ineffective management of water

resources, be it public or “privatized.”

6. Recommendations: the areas of intervention

The priority areas, in our judgment, are eight:
Models and tools to aid a real “integrated” management of water: to develop policies, models
and integrated management tools in view of water economy, in order to effectively address
issues related to water resources.
Practices, know-how and technology for increasing water productivity (more crop per drop) and
waste minimization: to break the correlation, which is very strong today, between economic
development, population growth and the consequent increase in the levels of water con-
sumption.
The water footprint as a simple, communicable, objective indicator: to use the water footprint as
a tool for comprehensive assessment of environmental impacts of individuals, enterprises
(production and distribution, within each sector) and States.
Dietary habits and a lower consumption of water content: to orient individual behavior and
consumption patterns towards lifestyles that involve a more careful use of water.
Efficient locations of cultivation and virtual water trade for a savings on a global scale of water
consumed: to rethink the locations on a global scale of the activities of the production of
goods with higher rates of water consumption according to criteria of efficiency.
Commitment and accountability of institutions to ensure access to water: to improve access to
drinking water and sanitation for the populations that are now the most disadvantaged in
this respect, promoting the necessary investments and removing any technical and policy
constraints.
Economic evaluation of water resources and the internationalization of the cost of water in the
price: to rethink the functioning of markets in view of water economy through the develop-
ment of economic models that can accurately define the economic value associated with
the use of water.
Management of water resources between privatization and democratic supervision: to consider
privatization as starting from the interests of the people, obligating the private management
companies to comply with social and ethical principles and introducing an effective system
of democratic control that provides adequate security to address risks arising from an inef-

ficient model of water resource management, whether it be public or “privatized.”
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his chapter provides a picture of the current scenario of water resources, tak-

ing into consideration its availability and its agricultural, industrial and domestic

uses. It also offers a hypothesis about its future development, taking into account
the likely scarcity of water resources in the light of the increased consumption that is
expected.
In this regard, the major global phenomena have been identified that have a significant
impact on water consumption (population growth, the increasing prosperity of the popu-
lation and a consequent change in lifestyle and eating habits, urbanization and expansion
of economic activities, production of biofuels) and on the reduction of available water

resources (climate change and pollution in particular).

Figure 1.1. The current and future scenario referring to water resources
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Source: Barilla Center for Food & Nutrition, 2011



HOW MUCH WATER IS THERE?

ater, an essential element for life and for the terrestrial ecosystem, has al-
ways been relatively abundant; thus, mankind tends to take its perennial
availability for granted. Certainly on a global level, large enough sources of
water are still available, but on the regional level, needs do not always coincide with
the actual availability.
Overall, our planet has about 1.4 billion cubic kilometers of water (volume is a con-
stant), of which only 2.5% is composed of freshwater, mostly collected in glaciers, the
ice caps in the Arctic or at great depths underground.
The difficulties associated with the use of this resource are obvious: less than 45,000
cubic kilometers of water (equal to 0.003% of the total) are theoretically usable
(these are the so-called “freshwater resources”). And only 9 -14,000 cubic kilometers
of water (equivalent to approximately 0.001% of the total) are actually available for
human use, being of sufficient quality, accessible and affordable.
Brazil alone contains almost 15% of the overall water. It is followed by Russia (8.2%),
Canada (6%), the United States (5.6%), Indonesia (5.2%) and China (5.1%). Howev-
er, a growing number of countries have a serious shortage of water, with a per capita

availability of less than 1000 cubic meters per year.

World Business Council for Sus-
tainable Development (WBCSD),
Facts and Trends - Water, 2009.
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Figure 1.2. The distribution of global water resources
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Figure 1.3. Top 10 countries for availability of fresh water (in %)
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Figure 1.4. Availability of freshwater
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Where does the rainfall end up?

Every year, about 110,000 cubic kilom-
eters of rainwater fall on the land all
over the world.

More than half of that fallen rainwater
is not available for cultivation because
it immediately evaporates or transpires
from plants.

This portion of water is the “green wa-
ter,” while the remaining portion of wa-
ter is called “blue water” (rivers, lakes,
wetlands and underground water) and

Figure 1.5. Destination of precipitation

indicates the amount of water available
for withdrawal before “evapotranspira-
tion. This enormous amount of water
would be more than sufficient to meet
the water needs of all the inhabitants of
the Earth, if only it were accessible in
the right place at the right time.
Unfortunately, as shown in Figure 1.5,
most of it cannot be captured, in that
it is distributed unevenly as it flows to
the sea.l

Source: Rogers, P, Facing the water crisis, in “Le Scienze” (Science), # 482, October 2008



HOW WE USE WATER:
AGRICULTURE, INDUSTRY
AND HOUSEHOLDS

n order to analyze the efficient use of available water resources, its destination must also

be taken into consideration.

In this sense, the data clearly shows that allocation is strongly biased towards the agri-
cultural sector, which alone employs about 70% of the world consumption of fresh water.
This figure is even higher in countries with middle or low incomes (reaching 95% in some
developing countries), while in those that are developed, the industrial weight of the total
consumption is largely predominant (59%).

In particular, if we consider the geographical areas, the weight of industry is particularly
evident in Europe and North America, where it counts for — in terms of water consumption
— 52.4% and 48%, respectively. While in South America and Asia, where water consump-
tion for industrial use is 10.3% and 5.5%, respectively, there is a net imbalance in favor of
agriculture (70.7% and 87.6%, respectively).

The analysis of samples of water resources for agricultural use in some countries confirms
this data. Figure 1.8 shows the obvious differences between water use in agriculture in
countries such as India or Greece, for example, and in France or Germany, characterized by
a withdrawal for agricultural use amounting to 90-88%, respectively, and to 12-3% of the
total consumption of fresh water.

Industry is the second largest sector globally for the withdrawal of water (after agriculture)
and employs about 22% of the consumption of freshwater (see Figure 1.6).

Depending on the productive sectors, there is great variability in the quantity of water with-
drawn. Almost all productions are based on water usage, both directly (as an ingredient
in products for human use, as in the case of food, beverages, pharmaceuticals, etc.) and
indirectly (within the production cycles).

As noted previously (Figure 1.7), the analysis of samples of water for industrial use in the
period of 1987-2003 shows that the main countries responsible for the most consumption
of water resources are located in North America and in Eastern and Western (see Figures
1.9 and 1.12).

The extremely limited extraction of water for industrial use in African, Asian and Central
American countries such as Mali, Cambodia and Haiti, instead, emphasizes the marked
prevailing of agriculture over industry in predominantly rural economies which are also
characterized by extreme poverty.

Finally, with regard to the availability of water for domestic use, the UN indicates 20-50
gallons of freshwater per capita daily to be the minimum requirement necessary to ensure
basic needs related to nutrition and hygiene. Worldwide, more than one out of six people

do not reach these standards. The consequences of such inequality are significant, not only
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from the standpoint of economic efficiency, but also in humanitarian and health terms.

In terms of the average daily use per capita, UN data® indicates how world consumption
varies considerably from country to country, especially between that of developed and de-
veloping countries: for example, it ranges from 575 liters in the United States to 385 in Italy
and 285 in France, and from 180 in Brazil to 135 in India and 85 in China.

Figure 1.6. Sampling of the water resources by type of sector and income level: the
current state

WORLD
70% 22% 8%
HIGH INCOME COUNTRIES
30% 59% 11%
LOW-MEDIUM INCOME COUNTRIES
82% 10% 8%

B Agricultural use
M Industrial use
M Domestic use

Source: WBCSD, Facts and Trends - Water

Figure 1.7. Sampling of the water resources by type of sector and geographic area:
the current state
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Figure 1.8. Use of water for agriculture in some countries
(as a percentage of the total use)
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Figure 1.9. Use of water for industrial purposes by geographic area, 1987-2003
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The irrigation systems in India, Pakistan and
Bangladesh: from canals to wells

Over the last century, Southern Asia has
seen a profound change in its irrigation
systems.

The British colonial dominion has left the
world’s largest centralized infrastructure
of irrigation canals to such countries as
India, Pakistan and Bangladesh.
However, as shown in Figure 1.10, these
surface irrigation systems have now been
replaced by the use of underground water
taken from millions of unregulated wells.
Although this transformation has signifi-
cantly increased the opportunity for small

farmers to access water for agricultural
use (as shown by the increase in irri-
gated areas), the proliferation of such a
large number of wells requires a reflec-
tion by the governments of the countries
involved regarding the pressure exerted
on the groundwater resources.

It is estimated that in the next 20 years,
one quarter of the food grown in India
will be at risk if the country does not
tackle the problem of the management
of groundwater withdrawn for agriculture.

Figure 1.10. Trasformation of the irrigation systems in India, Pakistan and Bangla-
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Unsustainable use of water in agriculture

The Aral Sea

The Aral Sea is the victim of one of the
worst manmade environmental disas-
ters.> With an original area of 68,000
square kilometers, since 1950 the lake
has been reduced by about 85% due to
a plan for intensive cultivation desired
by the Soviet regime in the immedi-
ate postwar period. The water from the
two tributary rivers - the Amu Darya and
Syr Darya - was withdrawn through the
use of canals to irrigate the vast cotton
fields of the surrounding areas. The plan
to exploit the use of river water for ag-
ricultural purposes had the express aim
of “making the Aral Sea die peacefully.”
The need for water was so abundant,
in fact, that the Soviet regime declared

Figure 1.11. The Aral Sea 1989-2008

Source: UNEP/GRID-Arendal, Vital Water Graphics 2, 2008
(maps.grida.no/go/graphic/thedisappearanceofthe-aral-sea).

that the lake was considered a huge
waste of water which otherwise was
useful for agriculture, as well as “a mis-
take of nature” that needed to be cor-
rected. For this reason, it wasnecessary

to reduce the lake to a large marshy
swamp, so that it could be easily used
for growing rice, making way for planta-
tions and, to this end, using herbicides
and pesticides that have contaminated
the surrounding soil.

As shown in Figure 1.11, already in the
late eighties, the lake had lost about 60%
of its original volume, its depth had di-
minished by about 16 meters and the
shoreline had receded in some points
up to 150 km, leaving a desert lake of
salty sand instead. In addition, fishing
activities, which in 1950 had guaranteed
44,000 tons of fish per year and thus
supported more than 60,000 jobs, had
literally disappeared by 1989.

Today, most of the area is uninhabit-
able because of the wind that constantly
blows, transporting salty toxic sand, and
respiratory and kidney diseases have had
a huge impact on the local population.

The Colorado River and
Powell Lake and Mead Lake

Even in developed countries, water short-
ages are becoming more frequent due to
the construction of hydroelectric plants
and an indiscriminate use in agriculture.
For example, recently in the U.S., drought has
affected many cities in northem Georgia and
vast areas in the southwest of the nation.
The case of the artificial lakes Mead and
Powell is emblematic; both are fed by the
now exhausted Colorado River, whose
total capacity ranges from 113 m?2/sec.
during drought to 28,000 m2/sec during
periods of maximum flooding.
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Today, an amount of over 2000 m2/sec.
is rare, due to the stabhilization brought
about by the construction of large reser-
voirs for hydroelectric power plants in the
lower reaches.

Over the years, the white marks left along
the canyon walls by the lakes at their full-
est have been lowering more and more,
thus attesting to the gradual decline of
these two basins.

Even the “The New York Times Maga-
zine” in its October 2007 issue, in an
article entitled “The future is drying
up,” highlighted the non-sustainability
of the situation that the Colorado River

and the lakes feeding it are in: “About 30
million people depend on this water. An
exhausted river could unleash chaos in
seven states: Colorado, Utah, Wyoming,
New Mexico, Arizona, Nevada and Cali-
fornia. Furthermore, the reduced flow of
the Colorado River would almost certain-
ly create considerable economic chaos,
threatening the future utilization of wa-
ter for agricultural and industrial use and
for the growing municipalities. [...] If the
largest reserves of water in the south-
western United States are emptied, in
the future the region will be living out an
apocalypse, an Armageddon.»*

Mead Lake

Powell Lake



Figure 1.12. Main countries for use of water for industrial use
(cubic meters)
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Figure 1.13. The last countries for use of water for industrial use
(cubic meters)
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Figure 1.14. Populations with access to safe drinking water in 2008

M 91-100% <50%
W 76-90% No or insufficient data
M 50-75%

Source: WHO/UNICEF, Progress on Drinking Water and Sanitation, update 2010.

Figure 1.15. Average daily use of water per capita (liters per capita per day)
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Water Economy

WATER SCARCITY TODAY

he current demand for water, which is already very high, will grow steadily in the

future (as shown in the following paragraphs), causing a situation of progressive

scarcity, especially in some areas of the planet. Theoretically, we are talking about
“water scarcity” when the demand for water by humans and the ecosystem is greater
than the available resources. There is a distinction between environmental scarcity and
economic scarcity.
From an environmental perspective, water is considered “scarce” when more than 75% of
river and groundwater resources are withdrawn for agricultural, industrial and domestic
use: in this case, the exploitation is approaching (or has already exceeded) the limit of
sustainability.
Instead, one speaks of “incipient shortage” of water from the environmental point of
view when more than 60% of the river water is removed, leaving an insufficient amount
of water in the near future. In technical terms, however, economic scarcity occurs when
obstacles related to human, institutional and financial capital prevent access to water,
even if the water would be available locally and could meet human needs. In particular,
we speak of economic scarcity when less than 25% of the river water can be taken to meet
human needs.
Based on environmental criteria, on a global level the areas with water shortages are
mainly in North Africa, some inland areas of southern Asia, part of Australia and the
southeastern United States. When analyzing the shortage of water from the economic
point of view, one can see that the areas most affected are those in central Africa and part

of the Indian peninsula.



Figure 1.16. Areas with shortages of water in environmental and economic terms

W Scarcity of water Incipient scarcity of water Not estimated
in economic terms in physical terms
B Scarcity of water [ Little or no scarcity of water

in physical terms

Source: Comprehensive Assessment of Water Management in Agriculture, 2007.
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The global water scenario in small doses

Good and bad news:

There is a lot of water in the world...but
it is not always where it is needed.

In nature, water is free... but the infra-
structures for its distribution are ex-
tremely expensive.

In many areas of the Earth, water is eas-
ily accessible at low cost... but people as-
sume that it will always be available.
Nature constantly recycles and purifies
the water of rivers and lakes... but man-
kind is polluting water faster than Nature
can recycle it.

There is a large amount of water under-
ground... but mankind is using it faster
than Nature can replace it.

5.7 bhillion people have access to clean

water... but 800 million do not.

Four billion people have basic sanita-
tion... but 2.5 billion do not.

Millions of people are trying to over-
come their poverty ... while the richest
are using more water than necessary.
The pace of industrialization is growing...
even though industries require more
freshwater.

Industries are becoming more and more
efficient in their use of water... but many
companies are still using water unsus-
tainably and inefficiently.

Awareness of the problem of water is
increasing... but translating such aware-
ness into action is a slow process.
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1.4

IT IS ESTIMATED

THAT BY 2025, THE
WITHDRAWAL OF
WATER NECESSARY TO
MEET THE NEEDS OF
THE POPULATION WILL
INCREASE BY 50% IN
DEVELOPING COUNTRIES
AND 18% IN DEVELOPED
COUNTRIES.

Source: United Nations
Department of Economic and
Social Affairs (UNDESA), World
Urbanization Prospects, 2007.

WHY THE DEMAND
FOR WATER IS INCREASING

tarting from the availability and utilization of water resources, it is interesting to
outline a summary of the main causes which, within the context of reference, will
have an impact on the future worldwide demand for water:

- population growth and urbanization;

- the increase in the welfare of the population and the resulting change in eating habits;

- socio-economic development and the production of biofuels.

1.4.1 Population growth and the urbanization process

Among the causes that will have an impact on the future worldwide demand for water, a par-
ticularly important role is played by demographic trends and increasing urbanization. Estimates
relating to population growth indicate that the global population will increase to over 8 billion
people by 2030 and reach 9 billion by 2050.

Figure 1.17. Population growth and urbanization
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The world population is already using 54% of the water resources of freshwater contained
in rivers, lakes and accessible aquifers. With the population increasing, it is estimated that
by 2025, the withdrawal of water necessary to meet the needs will increase by 50% in de-
veloping countries and 18% in developed countries.

In particular, the world’s food needs in 2025 will have risen by 55% compared to the 1998
figures, resulting in an increased demand for water for irrigation of at least 14%. At the
same time, the water demand to meet the primary needs for sanitation, power generation
and industrial development will also increase.

Within this undoubtedly complex picture, an element of optimism is represented by esti-
mates by UNESCO,® according to which, the increase in the volume of water required for
irrigation (+14%) will be lower than the increase in irrigated areas (+34%), thanks to the
adoption of more efficient techniques. In parallel, there is the strong acceleration of the
urbanization process (as can be observed from Figure 1.17, which clearly shows how the
component that has — and in the future, will still have — the highest growth rates, is that of
the urban population in LDCs — less developed countries).

For the first time in history, in 2007 the urban population exceeded the rural one, with
direct consequences in terms of infrastructures for access to water® (Figure 1.18).

In fact, the investments needed to ensure a water supply to a growing number of citizens
and for the associated treatment and purification of the wastewater arising from domestic

and industrial uses are increasing.

Figure 1.18. An increasingly urbanized population
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Water Economy

1.4.2 Increasing welfare of the population and changing eating habits

The increasing world population and the increased spending power of the population
of developing countries are accompanied by changes in eating habits and an increase in
the calories consumed (for example, in the last 20 years, meat consumption in China has
more than doubled and will double again by 2030).

This causes an increase in the water which is withdrawn, given that the production of
meat, milk, sugar and vegetable oils requires, on average, the use of a greater quantity of
water than grain production (for further study regarding this, see chapter 3).

On average, the production of one calorie of food requires a liter of evapotranspiration
water. For a vegetarian diet therefore, an average of 2000 liters of water per day is re-
quired, compared to 5000 liters per day for a diet rich in beef. The water consumption
would be less, however, if the beef produced from cattle were fed by means of irrigated
pastures and not with cereals.

According to FAO, the average per capita consumption of meat in major developed coun-
tries is about 90 pounds per year,” against a consumption of 40 pounds in sub-Saharan
Africa and 6 in eastern Asia. It is estimated that developing countries will see an annual
2-4% increase in meat consumption in the next 10 years.

To feed a population of 9 billion people in 2050, considering an average daily calorie
intake of 3000 calories, a further 2500-3000 cubic kilometers of freshwater will be re-
quired, an estimate likely to default with respect to the real one, in that it is based on a
low-protein diet with a low consumption of water drawn. This data, combined with fore-
casts of population growth, emphasize the need to use existing water more efficiently and

productively in order to minimize the total consumption.

Des & Jen Bartlett/National Geographic Image Collection



1.4.3 Socio-economic development and the production of biofuels

Among the causes of the growth of future demand for water, economic development also
has a significant impact. The improvement in economic conditions and in the lives of
people living in developing countries, as well as the expansion of economic activities —
from industries to services and tourism — result in increasing pressure on the available
water resources and on the natural ecosystem.

Above all, it is the growing global demand for energy® that exerts extreme pressure on
the demand for water resources. In particular, the production of biofuels has increased
exponentially in recent years® (ethanol production has tripled since 2000, amounting to
77 billion gallons produced in 2008, and is estimated to reach 127 billion liters by 2017"),
mainly due to the instability of oil prices and of the support of international and national
environmental policies.

Biofuels, while being a potentially valuable tool for reducing dependence on fossil energy
sources, are exerting pressure on the balance of water and biodiversity in some countries.
This is due to the large amounts of water (and fertilizer) needed for the cultivation of
corn, sugar cane and other crops from which biofuels are derived.

In China and India, for example, the production of corn and sugar cane is based on a con-
sistent use of irrigation, unlike Brazil and the United States, which, for the production of
ethanol, cultivate the same crops using primarily a supply of rainwater.

To produce a liter of biofuel, it takes an average about 2500 liters of water" (with signifi-
cant variations between different geographical areas due to the use of higher or lower
irrigation fields), which is equivalent to the volume of water needed to produce enough
food for the daily caloric needs of a person.

In this regard, the following tables show the water footprint of the main biofuels in com-
parison with the main sources of energy, emphasizing the strong pressure of biofuels on

water consumption.

Figure 1.19. Comparison between the average water footprints of the primary sources
of energy

Average water
footprint (m/Gj)

Primary energy carriers
(excluding biomass and hydropower)

Wind energy 0.0
Nuclear energy 01
Natural gas 0.1
Coal 0.2
Solar thermal energy 0.3
Crude oil 11

Primary energy carriers: hydropower and biomass

Hydropower 22
Biomass the Netherlands (average) 24
Biomass US (average) 58
Biomass Brazil (average) 61

Source: Gerbens-Leenesa, W., AY. Hoekstra and T.H. van der Meerb,
The Water Footprint of Bioenergy, University of Twente, 2008.
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Figure 1.20. Average Water Footprint of 10 crops used to produce ethanol and 3 to
produce biodiesel

Ethanol m? per Gj ethanol

Sugar beet 59 35 24
Potato 103 46 56
Sugar cane 108 58 49
Maize 110 43 67
Cassava 125 18 107
Barley 159 89 70
Rye 171 79 92
Paddy rice 191 70 121
Wheat 211 123 89
Sorghum 419 182 238
Biodiesel m? per Gj biodiesel

Soybean 394 217 177
Rapeseed 409 245 165
Jatropha 574 335 239

Source: Gerbens-Leenesa, Hoekstra and van der Meerb, The Water Footprint of Bioenergy, 2008.

Compared to the “first generation biofuels” obtained indirectly from biomass (wheat, corn,
beet, cane sugar, etc.), some studies are underway on the development of techniques for the
production of biofuels in order to avoid the occurrence of problems such as the reduction of
available agricultural land for food production or changing its agricultural use.

The so-called “second-generation biofuels” are, in fact, obtained through the cultivation of
Miscanthus (a grass plant common in the East), algae or the processing of lignocellulosic
material. The latter is obtained through the technique of pyrolysis, which transforms the
biomass collected directly on the site into a special oil, which is then sent to a central fa-

cility for the synthesis of the fuels themselves, thus considerably reducing transport costs.



WHY IT REDUCES
THE AVAILABILITY OF WATER

imilar to the existence of factors that will influence the future demand for water in
the world, we should also delineate those cases which, within the context of refer-
ence, will affect the reduction in the availability of water: increased pollution and

climate change.

1.5.1 Pollution

Among the main causes of reduced water availability are the problems caused by pol-
lution, which threatens the quality of available water resources. In particular, the eco-
nomic growth in the markets and the appearance of large numbers of people previously
excluded from mass consumption create very serious problems, particularly in the area
of waste management. Some data' strikingly clarifies the size of the problem. It is
estimated that every day, two million tons of waste generated by human activities are
discharged into waterways.

The contribution of food to the production of organic substances polluting the water is
40% in developed countries and 54% in developing countries.

In the latter case, 70% of the industrial waste is discharged into waterways without undergo-

ing any sewage treatment, partly polluting the water resources of the available freshwater.
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The case of China’s water crisis

“China is on the brink of the most serious
water crisis in the world, bringing into que-
stion its economic development in recent
years. The problem is serious and must be
resolved before it is too late.”

These are the words of Qiu Baoxing, Vice
Minister of Construction in China, referring
to the challenge posed by water scarcity
and pollution in his country, fourth in the
world in absolute availability of water re-
sources but with a population of 1.3 billion
people, making the Chinese annual avai-
lability per capita’®* among the lowest on
Earth (2,138 m3/year against 10,231 in
the U.S.).

The country's situation is very serious.
Despite hosting some of the largest river
basins in the world, five of the seven*ma-
jor rivers of the country are, in fact, dee-
ply polluted, as is 90% of the groundwa-
ter, causing 700 million Chinese to drink
contaminated water every day. Moreover,
the distribution of water resources in the
country is guite uneven, a trend that will
increase, considering the demand for wa-
ter in the future: some areas are already
naturally dry today, others (especially in

mainland China and in major cities) will
suffer a real shortage of water in 2030
because of the shortsightedness of the go-
vernment in managing the water problem.
Less than half of the country’s sewage is
purified and recycled, while in 660 cities,
the poor conditions of the pipes cause ave-
rage losses of approximately 20% of the
total supply of water.

In the capital, Beijing, residents have ac-
cess to a per capita amount of water equal
to one third of that which is available to
the inhabitants of western cities; in rural
China, it is estimated that over 500 million
people have no access to drinking water.
The situation is also deteriorating becau-
se of frequent droughts, the movement of
millions of residents from rural to urban
realities, defective or obsolete systems of
water purification and treatment, as well
as the acceleration of desertification which,
together with the projected population
growth, exacerbates the water crisis facing
the entire country and which, according
to an estimate by the World Bank, could
result in some 30 million environmental
refugees by 2020.



Figure 1.21. Gap between the current availability of water resources and the expected
water demand in China in 2030
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Figure 1.22. Water withdrawals per sector (billions of m3)
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1.5.2 Climate Change

Another important factor that will affect the future availability of water resources is
climate change. There is now broad consensus about its effects on water and its avai-
lability:*

- a massive contraction of the land and sea covered by ice (according to some projec-
tions, a substantial part of the Arctic ice could disappear completely by the end of the
21st century);

- a substantial increase in the average level of the sea, which, in the second half of the
twentieth century, has increased by 1.75 mm per year;

- a gradual shift towards the poles of non-tropical storms, resulting in significant ef-
fects on winds, precipitation and temperature;

- a significant increase in the frequency of “extreme” phenomena such as intense heavy
rain or heat waves. The expectation is that there will be an increase in river flows and
the overall availability of water in the northern hemisphere, while tropical areas and
those of semi-arid areas (mainly the Mediterranean, eastern USA, South Africa and
northeastern Brazil) will face a significant decline in water resources, increasing the
risk of droughts.

In Africa, where there are higher temperatures, increased evaporation and reduced
rainfall have contributed to reducing the flow of water of many major rivers by 40%,
leading to recurrent drought in the Horn of Africa.
Because of the profound changes caused by climate change, some terrestrial and ma-
rine ecosystems (including the Mediterranean) will suffer severe consequences, espe-
cially because of the significant reduction in rainfall. The impact of climate change
on the Mediterranean ecosystem (and all across Southern Europe, in general) will be
made manifest mainly through a significant reduction of the water supply and crop
productivity. Agriculture in general and some crops in particular (including all cereals)
will be significantly affected by rising temperatures and lower rainfall, while the nega-
tive effect on the soil will mainly be due to accentuated erosion.

More generally, two macro-trends have been identified in the world that could impact

heavily on both marine and terrestrial ecosystems:

- the sharp increase in the atmospheric concentration of CO,, that generates the pro-
gressive increase of the acidification of the oceans and water with negative conse-
quences, both on the very existence of marine ecosystems themselves and in relation
to the availability (and related costs) of water used for human purposes;

- the gradual slowdown expected in the southern current of the Atlantic (MOC - Meri-
dional Overturning Circulation) during the twenty-first century: though difficult to
estimate, the effects of the structural changes of this current will have a huge impact
on marine ecosystems, the concentration of CO, and oxygen and, in general, the ter-
restrial vegetation.

The IPCC* predicts a possible significant reduction in the quality of water in soil, both

at the ground level and the underground level, with significant implications for health.

In addition, one of the most critical effects of climate change and related phenomena

is the significant increase in the pressure borne by the urban and rural infrastructures

related to water, which is potentially critical not only as to allocation and distribution,
but also with regard to a high level of conflict between states, especially in cases of
access to common water bodies (trans-boundary waters).

As predicted, the impact of climate change mainly afflicts those developing countries

that are particularly vulnerable, not only because of their geographical position but



also for their financial and institutional weakness.
These factors, combined with an economy based on the need for substantial water
withdrawals for agricultural use, undermine the ability of these countries to cope with

a significant future reduction of available water resources.

Paul Nicklen/National Geographic Image Collection
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Total annual flow * toward the dams in verso Perth** (in gallons)
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The impact of climate change in Australia

Following the disastrous effects caused by
the drought in southeastern Australia, the
National Water Commission funded a study
in 2005 to investigate the situation of wa-
ter resources in the Murray-Darling Basin,
which is named after the homonymous ri-
vers running through the area.

The study aimed to estimate the current
and future (2030) water availability of
the basin and aquifers in the area being
analyzed, as well as the impact demo-
graphic development, climate change and
the interaction between surface water and
groundwater will have on water resources.
Among the main findings, it was found that
by 2030, the availability of water in the
the Murray-Darling basin will decrease by
9-11% in the northern area and 13% in the

south, while the Murray River will reduce its
water flow by 61%.

The study also shows that in 2030, due to
the effects of climate change, the area will
undergo a drought equal to that experien-
ced between 1997 and 2006 in southea-
stern Australia, partly because of a sharp
decrease in precipitation, as shown in the
following figure.

Faced with this future situation that many
countries have in common, the study then
stressed the importance and urgency of fin-
ding clear answers to address a

key issue for future development: to produ-
ce “more food” to feed more and more pe-
ople in the presence of increasingly scarce
water resources.

Figure 1.23. Impact of climate change on water availability in southeastern Australia
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1995
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2003
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2007
2009

Notes: *A year is taken as May to April / **2009/10 inflow to October 21, 2009

Source: Water Corporation, Perth.



THE ROLE OF TECHNIQUES

1.6.1 Irrigation Techniques

Along with emerging technologies for water management, an important role is also pla-
yed by modern irrigation techniques. In the agricultural sector, in fact, the rain water
supply ensures appropriate resources to 80% of the cultivated areas in the world, while
the remaining 20% is based on irrigation instead.

Irrigation techniques, accounting for 40% of the total agricultural output, however, re-
sult in higher returns, as they lead to an increased productivity of agricultural land by a
greater amount of water made available for crops.

It is estimated that the maximum yield that can be obtained from irrigation is more than
double that which can be achieved through the rainwater supply.

Modern irrigation techniques also promote water conservation, thus confirming the im-
portance of irrigation especially for developing countries which in many cases have a
limited amount of rain. Drip irrigation (see box below), in particular, is spreading quickly
in areas where water resources are limited, because water can be saved by reducing eva-
potranspiration and deep drainage, since water can be administered with greater preci-
sion to the roots of plants than is the case with spray or sliding irrigation systems.
Irrigation remains a key element, especially for enabling a country with a great shor-
tage of water to feed its population in an efficient way — combined with fertilizers and
seed varieties — the practice of irrigation is the best way to increase productivity and

food security.

Source: FAQ Water, Water at a Glance, 2007.
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Drip Irrigation

The first experiments that combined the
irrigation of the roots with the use of un-
derground terracotta drainage pipes were
conducted in Germany in 1860; once
again in Germany, between the ‘20s and
30s, the first attempts were made to irri-
gate crops using perforated pipes.

The modern technology of drip irrigation,
facilitated by the advent of plastics,

was introduced in the late fifties by the
agronomist and engineer, Simcha Blass -
a Polish Jew by birth who moved to Pa-
lestine in 1930 - who patented it and in
1965 conceded the license of its produc-
tion to the Hatzerim kibbutz.

That agreement marked the birth of Ne-

tafim, a company for the production of
drip irrigation systems which originally
arose in the middle of the kibbutz fields.
Within a few years, the company establi-
shed itself as a worldwide leader in micro-
irrigation systems and has come to cover
more than one third of the market, deve-
loping other products for agriculture and,
in recent years, environmentally friendly
technologies for biofuel production. Today,
Netafim is jointly held by three kibbutzim
- Hatzerim, Magal and Yiftach - and has
30 subsidiary offices in 110 countries.
With 2000 employees and 11 production
facilities, it achieved a turnover of 400
million dollars in 2006.

J. Baylor Roberts/National Geographic Image Collection



1.6.2 Emerging technologies

In the report Water in a Changing World"” (which we recommend for further study
on this issue), the United Nations identified some key areas of technological deve-
lopment relevant to the future management of water resources, including:

- research and development on environmental issues;

- renewable energy and bio-energy;

- nanotechnology;

- ICT (Information and Communication Technology).

The first point is a general one that covers various environmental issues, including
that of water management. In recent years, many developed countries have witnes-
sed an increase in spending on research and development in the environmental field,
in order to promote innovative technologies that help improve the quality of the
environment.

This trend is not observable, at least not with the same intensity, in developing
countries. Therefore, the transfer of technology from developed countries should be
oriented to the developing countries to ensure sustainable growth in the latter, also
from an environmental perspective.

As for research related to renewable energy, it has benefited recently from the de-
cisive political orientation towards the reduction of harmful emissions to the atmo-
sphere. Thanks to these efforts, at this stage important technological innovations are
being made that will foster a growing use of renewable sources; for example, in solar
energy, energy produced by exploiting the ocean tides, new generation geo-thermal
systems and those based on the integration of various bio-energy sources.

However, in the near future, only a fraction of the energy demand will be achieved by
means of renewable sources, and traditional sources (fossil fuels and nuclear ener-
gy) will still be predominant. These sources also have a significant impact in terms
of water consumption. Just think, in fact, that to generate a megawatt of electricity
using coal, 2 cubic meters of water are required, 2.5 cubic meters when using nuclear
energy and 4 cubic meters when oil is used as a source.

A growing trend, which recently is also at the heart of scientific and economic de-
bate, is that of research and applications related to bio-energy. While these energy
sources appear to have less impact on pollution, causing fewer harmful emissions
into the atmosphere, nevertheless they appear to have the effect of increased use of
water resources, requiring a massive use of water for their cultivation.
Nanotechnology seems to have great potential in the techniques of desalination and
water purification of metal pollutants, allowing the prospect of recovering a quantity
of water for domestic use, health and irrigation at a low cost.

In particular, desalination devices permit the exploitation of the huge resource
represented by the sea, in view of the fact that 97% of the water on the Earth is
salt water.

Recently, a substantial reduction of cost has been obtained for one of the most effi-
cient desalination technologies (the reverse osmosis membrane) by applying a seri-
es of improvements, including membranes that require less pressure, and therefore
less energy, and a modular system which simplifies the construction of the plant.
Many coastal cities may soon have new sources of drinking water by adopting this
technology, which is already used in desalination plants built in Singapore and Tam-
pa, Florida. Finally, among all current and future technological innovations, the dis-

semination of related information and communication technologies (ICT) must be
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taken into consideration. This is extremely necessary in order to generate knowledge
of the phenomena and their possible applications, providing a fundamental contri-
bution in terms of monitoring the state of exploitation and pollution of worldwide

water resources.

Bobby Haas/National Geographic Image Collection



1.7 FUTURE SCENARIOS

f the current picture of the availability and use of water resources is the one repre-
sented in the previous sections, future projections do not suggest a very different
situation: it is estimated that in 2030, agriculture will still be the sector with
the highest absorption of global water resources,’® while the weight of industry will
remain stable, or at most decrease slightly, mainly due to the increase of efficiency
that characterizes the production processes. Instead, the withdrawal of water for
domestic use (in line with sanitation requirements) will undergo a rapid increase,

surpassing the industrial sector.

Figure 1.24. Removal of water resources by type of industry: the future outlook

Totale water use =

~
- -7l . Agricultural use

I
| . Industrial use
. Domestic use

Source: WBCSD, Facts and Trends - Water, 2009.

IN 2030, AGRICULTURE

WILL STILL BE THE SECTOR
WITH THE HIGHEST
ABSORPTION OF GLOBAL
WATER RESOURCES, WHILE
THE WEIGHT OF INDUSTRY
WILL REMAIN STABLE.
INSTEAD, THE WITHDRAWAL
OF WATER FOR DOMESTIC
USE WILL UNDERGO A RAPID
INCREASE, SURPASSING
THE INDUSTRIAL SECTOR.
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IT IS ESTIMATED THAT

A SHARE OF BETWEEN 15%
AND 35% OF THE CURRENT
WATER WITHDRAWALS
FOR IRRIGATION WILL

NOT BE SUSTAINABLE

IN THE FUTURE

Sub Saharian Africa

All the rest of Africa

In particular, when analyzing the increase in the withdrawal of water resources in the years
2005-2030 by region, it can be seen that the greatest increase in the demand of water for
agricultural use will mainly be in emerging countries like India — where the agricultural
sector will account for more than 10% of the country’s GDP in 2030 — and in sub-Saharan

Africa, while the highest increase for industrial use will occur mainly in China.

Figure 1.25. Increase of the withdrawal of water resources by type of sector and by
region, 2005-2030

China

India

North America
Europe
South America

Oceania

0 100 200 300 400 500 600

I Agricultural use M Industrial use @ Domestic use

Source: revised by The European House-Ambrosetti from 2030 Water Resources Global Water Supply and Demand Model,
International Food Policy Research Institute.

The degree of water scarcity, on a prospective basis, can be estimated by analyzing
the amount of water withdrawn in different geographical areas against the global re-
sources. Because of population growth, the high cost of irrigation techniques, which
often exceed the financial possibilities of small farmers in many developing countri-
es, the persistence of inefficient irrigation practices and the increasing competition
for water use, it is estimated that a share of between 15% and 35% of current water
withdrawals for irrigation will not be sustainable in the future.”

In 1995, the areas with a high sampling rate (above 20%) were in fact located in the
southern United States, North Africa, in parts of Western Europe, the Arabian Peninsula
and parts of Southeast Asia. In the prospective scenario for 2025 (Figure 1.27), the situa-
tion is dramatically worse in terms of the relationship between resources used and those
available. It is estimated that the global area characterized by a withdrawal rate higher
than 20% will increase substantially with regard to that of 1995, extending to the whole
of the United States and much of continental Europe and Southern Asia, with large areas
located in Africa and in the Indian peninsula® registering rates above 40%.

The situation does not appear to be different if the perspective of water availability per
capita in different regions of the world is considered: Africa will fall from nearly 16,000
cubic meters per capita in 1960 to less than 4000 in 2025, Asia from about 6000 to
about 2000, the Middle East and North Africa from about 4000 in 1960 to less than
2000 in 2025.



Figure 1.26. Increase in the withdrawal of water resources by type of sector and ge-
ographical area 2005-2030

-
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M More than 40% © From 40% to 20% ™ From 20% to 10% © Less than 10%

Source: WBCSD, Business in the World of Water. WBCSD Water Scenarios to 2025, 2006.

Thus, a particularly difficult future scenario is outlined, requiring wise and courageous
choices that, as of now, can affect the trends. What is also clear is the need for a tho-
rough analysis aimed at identifying a model of truly sustainable growth and ensuring

access to food for a growing world population in the face of increasingly scarce water

resources.

FOR 18 YEARS, EVERY
MARCH 22ND HAS
BEEN DESIGNATED AS
WORLD WATER DAY.
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Initiatives relating to water

March 22: World Water Day

The organization of an international day
to celebrate water was recom-
mended?® at the United Nations
Conference on Environment
and Development (UN-CED)
in 1992 and subsequently
adopted by the UN Gen-
eral Assembly, which or-
ganized the first World Wa-
ter Day on March 22, 1993.
This occasion was established
within the guidelines of Agen-
da 21, the result of the conference which
was held in Rio de Janeiro on 3-14 June,
1992 and is also remembered as the
“Earth Summit.”
This was the first world meeting on the
environment involving heads of state, who
debated on the issues of patterns of pro-
duction, alternative energy resources
to replace the use of fossil fuels which
are held responsible for global climate
change, public transportation systems for
reducing vehicle emissions and lastly, the
growing water shortages.
[t was an unprecedented event in terms
of media impact, both as to the political
choices nd the development that fol-
lowed.

World Water Day 2011

The topic of focus of the World Water
Day 2011, which was held in Cape Town
on March 22nd, was Water for Cities: Re-
sponding to the Urban Challenge.

For the first time in human history, in fact,
the majority of the world population (3.3

billion people) lives in urban environments
that continue to grow at a faster rate than
the sanitation infrastructures in urban ar-
eas are able to.

38% of that reality consists of slums in
expansion, which are characterized by in-
frastructures for water treatment that are
inadequate or even lacking.

The objective of the 2011 World Water
Day, therefore, was to focus international
attention on the impact of rapid urban
population growth and water management
systems, with the intent of encouraging
governments, communities and individu-
als to take action to combat the challenge
posed by urbanization in the management
of water in cities.

Topics covered in past
eaitions

With the aim of emphasizing the im-
portance of freshwater and to encour-
age sustainability in the management of
water resources, past initiatives devoted
to water have awakened international at-
tention regarding the following aspects:

2010 - Clean Water for a Healthy World
- The day in 2010 was dedicated to the
theme of water guality, stressing the im-
portance of interventions in the man-
agement of water resources, not only
from the standpoint of quantity in deal-
ing with its increasing scarcity, but also
against the pollution of waterways in or-
der to ensure the health of ecosystems
and human welfare.

2009 - Shared Water Shared Opportuni-



ties - Particular attention was given to
border waters with the intent of promot-
ing the development of opportunities for
cooperation between nations, to share
this resource and at the same time pro-
mote the peace, security and growth of
economic sustainability, also at the re-
gional level.

2008 - Sanitation - As the International
Year of Sanitation, thus declared by the
General Assembly of the United Nations,
2008 led the World Water Day to ad-
dress the issue of insufficient progress
played in the field of sanitation on the
global level, as well as to recognize that
a shared political and community effort
can ensure concrete results in the im-
provement of sanitation and the treat-
ment of wastewater.

2007 - Coping with Water Scarcity - Co-
ordinated by the FAO, the day highlighted
the need for action to be integrated both
globally and locally to address the issue
of the sustainability of water resources in
a context of increasing scarcity, inequi-
table distribution, degradation of surface
water and conflicts.

2006 - Water and Culture - There was
some discussion about how all people
use and celebrate water, depending on
their history and cultural tradition. Some
give the water a sacred role in religious
rites and ceremonies, others have rep-
resented it in art for centuries, while all
recognize its central role for their sur-
vival.

2005 - Water for Life 2005-2015 - The
inauguration of the International Decade
for Action, proclaimed by the UN General
Assembly as the decade of 2005-2015,
to ensure more effort and cooperation, in-
cluding a greater participation by women,
in order to achieve the development goals
(Millennium Development Goals) estab-
lished in the Millennium Declaration, which
was signed in September 2000.

2004 - Water and Disaster - Natural
disasters caused by climate change and
weather (tornadoes, storms, cyclones
and floods) constitute 75% of the en-
vironmental disasters that occur each
year in the world, causing severe human
and economic losses. For this reason,
the need to predict these events and
mitigate their consequences prompted
the UN to spend the day on this issue
in 2004.

2003 - Water for the Future - In order to
guarantee a good quality and quantity of
water to future generations, the number
of people in the world living without safe
drinking water and without adequate
sanitation facilities must be halved by
2015; to reach this goal, special atten-
tion was also placed on the need to use
and maintain the existing water more
responsibly.

2002 - Water for Development - Coor-
dinated by the International Atomic En-
ergy Agency, the day addressed the issue
of the need for integrated planning and
management of global water resources
which are increasingly scarce and at risk
of deterioration.

2001 - Water for Health - Taking Charge.
Coordinated by the World Health Or-
ganization, the day emphasized how
water and health are closely linked, since
they are both precious and vulnerable.
Concrete efforts are therefore necessary
to preserve both, so that everyone can
benefit from cleaner and safer drinking
water.

2000 - Water for the 21 Century - The
first World Water Day of the 21% century
dealt with the issue of the “water crisis”
and how its availability and quality are
profoundly and negatively influenced by
a future scenario characterized by rapid
population growth, especially in areas
where the availability of water is already
scarce today.
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1999 - Everyone Lives Downstream -
Following the inundations and flooding
of many rivers in 1998 that caused
thousands of deaths and serious eco-
nomic losses in China, Bangladesh and
India - areas where almost half of the
world's population lives - the day was
also dedicated to remembering how im-
proper man-made interventions to the
river basins, and not just excessive rains,
can be the cause of these disasters.

1998 - Groundwater - The Invisible Re-
source - Emphasis was placed on the im-
portance of groundwater in the survival
of more than half of the world’s popula-
tion, who benefit from it to meet their
water needs. This water must then be
protected from the degradation to which
it is subjected as a result of contamina-
tion by pollutants, as well as the impli-
cations arising from unresolved conflicts
for its use.

1997 - The Worlds Water - Is There
Enough? - The decision to address the
issue of assessing the actual availabil-
ity of water arose from an awareness
of how it is a prerequisite for the birth
and survival of life itself on Earth, fac-
ing an exploitation and ever-increasing
competition for its use, which can affect
its availability.

1996 - Water for Thirsty Cities - The is-
sue under discussion was the

growing crisis of

water for major

cities around the

world, threatening

the sustainability of

their economic and

social development.

1995 - Women and
Water - The issue arises
from awareness of how
water is often a problem
that is specific to women,
because the responsibility

of providing water rests on them. In some
places, in fact, women have to walk for up
to 10 kilometers to reach water sources.

1994 - Caring for Our Water Resources Is
Everyone’s Business - Today, taking care
of this vital resource is a must and a re-
sponsibility. Sustainable water manage-
ment is a key to ensuring, both now and
in the future, that everyone has access
to and the usability of a resource which
is not only vital to the survival of every
single living being, but is also important
for the development of all the social,
economic and organizational processes
of every population in the world.

The 2010 World Water
Week: quality, prevention
and containment

Since 1991, the Stockholm Water In-
stitute International (SIWI) - a Swedish
institute that supports the international
fight against the current global water
crisis - has organized an annual World
Water Week in Stockholm, an event
lasting one week that brings together
more than 2400 political and economic
decision-makers, opinion leaders, ex-
perts and international organizations to
discuss and debate issues about water
and its implications in economic, social,
science and health terms.

While the 2011 edition, to be
held August 21 to 27, will
focus on water in a strongly

urbanized world - Water
in an Urbanising World
- to explore one of the
mega-trends behind the
large increase expected
in the consumption of
water, the last edition,
which was held Sep-
tember 5-11, 2010,
explored the theme

of its quality - Re-
sponding to Global



Changes: The Water Quality Challenge - Pre-
vention, Wise Use and Abatement.
Climate change and population growth,
urbanization, economic growth and the
expansion of industrial activities all exert
tremendous pressure on both the quan-
tity and the quality of water resources by
reducing their availability, increasing the
pollution level and putting not only the
health of the world population but also
that of the natural ecosystems at risk.
For this reason, the World Water Week
2010, through eight seminars whose
main contents were designed by a high-
level scientific committee, dealt with the
following themes of focus:
- Prevention and control of the pollution
of water resources;
- breaking the “vicious cycle” of water
pollution;
- the guality of water for human health;
- the management of groundwater;
- reduction of the pollution of water re-
sources generated from farming;

- management of the resilience of so-
cial-ecological systems under uncer-
tain conditions;

- the sources of water pollution in urban
environments.

Besides the seminars described, nu-
merous conferences and round tables
also allowed the participants from 135
countries around the world to further
explore, and therefore bring to interna-
tional attention, the issue of the chal-
lenges relating to water quality, ad-
dressing not only the problems and the
implications on the environment, the
economy and health, but also empha-
sizing the progress of current scientific
research and to work together for the
formulation of concrete proposals and
the individuation of effective solutions
to ensure better prevention and a more
economic use of the water resources
that are available.
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1. Part of the water captured is often wasted due to inefficiency of water systems. In that regard, it
is estimated that in 2008, 47% of drinking water was lost, largely to ensure the continuity of flow
in pipes or due to real losses in the pipelines.
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TOWARDS
WATER SECURITY

Iready in 2002, the United Nations Committee on economic, social and cultural
rights? officially recognized® water as a “limited natural resource, a public good and,
above all, a human right.”
The importance of water as a resource that is essential for the welfare and dignity of
people as well as for the economic and social development of countries and communi-
ties has also been underlined by the establishment of “Water for Life Decade 2005-
2015,” an initiative spawned from the need to sensitize and channel efforts of the inter-
national community towards the goal of the accessibility and usability of water.
In fact, the “right to water” has been substantiated to guarantee all individuals, with-
out discrimination, the possibility to obtain a
quantity of water for themselves that is suf-
ficient, safe and physically and economically
accessible.
For the first time in history, the UN resolution
on July 29, 2010 recognized this right as a fun-
damental and universal human right. The reso-
lution emphasizes repeatedly that water for
drinking and hygienic use “as well as being a
right of every man, [...] concerns the dignity of
the person more than the other human rights,
it is essential to the full enjoyment of life and
fundamental for all the other human rights.”
This resolution is not binding, but states a principle that still “recommends” (and thus
does not require) nations to take initiatives to ensure drinking water of quality, that
is accessible and at affordable prices for everyone.Making drinking water available in
sufficient quantity and quality to meet the needs of a person (i.e. drinking, cooking,
washing) is a priority shared worldwide, and one of the targets (#10) of the Millennium
Development Goals (MDG) that 147 heads of state and government set when they
signed the Millennium Declaration in September 2000.
In particular, the target to be reached, as compared to 1990, is “to halve the proportion
of people without sustainable access to drinking water and basic sanitation systems by
20154



Figure 2.1. The path to water security

September 2000 2005 2015

The Millennium “Water for Life Decade Target 10 Expiration date
Declaration establishes 2005-2015" to sensitize cset to halve the number
the Development Goals the international of people without access to
(Goal 7, target 10 refers community towards the clean water and sanitation
to water) goal of the accessibility by 2015

and usability of water

2000 2002

v

2002

The United Nations
Committee on Economic,
Social and Cultural Rights
officially recognizes water
as a limited natural
resource, a public good
and a human right

2010 2015

July 29 2010

UN Resolution
recognizing the right
to access to water as
a fundamental and
universal human
right.

Source: revised by The European House-Ambrosetti
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IN 2008 ABOUT 884 MILLION ~ The progress made today towards the achievement of the targets proposed will be ana-
PEOPLE - 37% OF WHOM lyzed in detail in the following paragraphs, but to understand what the dimensions of
LIVING IN SUB-SAHARAN

AFRICA - DID NOT HAVE
ACCESS TO SUFFICIENT AND
ADEQUATE WATER. wH|LE and adequate water, while 2.6 billion people - 72% of whom living in Asia - did not
2.6 BILLION PEOPLE - 72% have adequate sanitation systems.
OF WHOM LIVING IN ASIA -

DID NOT HAVE ADEQUATE T . .
SANITATION SYSTEMS, Figure 2.2. Distribution of the world population without access to water

the challenge are, it should be immediately pointed out that in 2008, about 884 million

people — 37% of whom living in sub-Saharan Africa — did not have access to sufficient

Commonwealth

o North Africa 1.5%
States 1.9% orth Africa Oceania 0.6%

Western Asia 2.4%

Latin America and
the Caribbean 4.3%

_ Developed Nations 0.5%

Southeast Asia 9.4%

—— Southern Asia 25.1%

—— Eastern Asia 17.1%

e

Sub-Saharan Africa 37.3%

Total: 884 million people

Source: revised by The European House-Ambrosetti from WHO/UNICEF, Progress on Drinking Water and Sanitation, 2010 .



Figure 2.3. Distribution of the world population without access to sanitary systems

Commonwealth
States 1.1% North Africa 0.7%  Qceania 0.2%

Western Asia 1.1% Developed Nations 0.6%
Latin America
and the Caribbean 4.4%

Southeast Asia 6.8%
\
—— Southern Asia 40.3%
/ N

Sub-Saharan Africa 21.3% Eastern Asia 23.5%

Total: 2.6 billion people

Source: revised by The European House-Ambrosetti from WHO/UNICEF, Progress on Drinking Water and Sanitation, 2010.

The availability of uncontaminated water is critical for the prevention of hydro-transmitta-

ble diseases such as dysentery and typhus, which are the cause of approximately 1.5 million

deaths every year, 90% of which are children under 5 years of age.®

According to the World Health Organization and UNICEEF, in areas most affected by these

problems, improved access to safe drinking water and sanitation and hygiene services

would cause:

- a drastic reduction in the mortality rate from diseases associated with the factors (it is
estimated that it would save about 1.6 million lives each year);

- a reduction in the working hours lost by adults because of their disease and therefore a
greater involvement on their part in economic and productive activities;

- adecrease in school absenteeism, which is to say, an increased participation of children in

school activities and education, the prime mover of future economic development.
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Millennium Development Goals

On September 6-8, 2000, the heads of
state and government of all the UN state
members who met in New York City at
the “Millennium Summit” put their sig-
nature on the “Millennium Declaration.”
On that occasion, world leaders affirmed
their responsibility not only in relation
to their own people but to the entire
human race, defining a series of ambi-
tious intentions to be achieved by 2015
(articles 19 and 20 of the Declaration).
From these affirmations, and through

successive diplomatic meetings with the
participation of the main agencies of the
United Nations, the Millennium Devel-
opment Goals (MDG) took shape: eight
measurable and unambiguous goals,
binding for the entire international com-
munity, which entrusted the UN with a
central role in managing the process of
globalization.

One or more concrete actions for achiev-
ing a number of targets are connected to
each one of the targets.

Figure 2.4. Millennium Development Goals and concrete actions

Goal Concrete Actions

MDG 1 Eliminate hunger Target 1: To halve the number of people living on less
and extreme poverty than one dollar a day by 2015.

Target 2: To halve the number of people suffering
from hunger by 2015.

MDG 2 Basic education for Target 3: To ensure that by 2015 all boys and girls

everyone complete the primary school cycle.

MDG 3 Equal opportunities Target 4: To eliminate gender disparities in primary
between the sexes and secondary schools by 2015.

MDG 4 Reduce the infant Target 5: To reduce the infant mortality rate by two
mortality rate thirds, with respect to 1990, by 2015.

MDG 5 Improve maternal Target 6: To reduce the maternal mortality rate by

health three fourths, with respect to 1990, by 2015.




Goal

Concrete Actions

MDG 6

Combat AIDS and
malaria

Target 7: To arrest and begin to reduce the spread of
AIDS by 2015.

Target 8: To arrest and begin to reduce the spread of
malaria and other serious infectious diseases by 2015.

MDG 7

Ensure environmental
sustainability

Target 9: To integrate sustainable development prin-
ciples in the countries’ policies and programs; to
reverse the current trend of loss of environmental
resources.

Target 10: To halve the number of people without ac-
cess to drinking water and sanitation systems by 2015.

Target 11: To achieve a significant improvement in
the lives of at least 100 million people living in slums
by the year 2020.

MDG 8

Develop a global
alliance for
development

Target 12: To maximize a trading and financial system
based on predictable and non-discriminatory rules.

Target 13: To take into account the special needs of
the least developed countries. This includes admis-
sion without duties and restrictions on the export
sales of these countries, the enhancement of debt
relief programs for highly indebted poor countries
and cancellation of official bilateral debt, and a more
generous official development assistance for those
countries committed to poverty reduction.

Target 14: To address the special needs of landlocked
states and small developing island states.

Target 15: To deal comprehensively with the problem
of debt in developing countries through national and
international measures likely to make the debt su-
stainable in the long term.

Target 16: In cooperation with developing countries,
to develop and implement strategies to provide work
for young people.

Target 17: In cooperation with pharmaceutical com-
panies, to make essential medicines available and
affordable in developing countries.

Target 18: In cooperation with the private sector,
to make the benefits of new technologies available,
especially those related to information and commu-
nication.
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ACCESS TO WATER
IN THE MILLENNIUM
DEVELOPMENT GOALS

2.2.1 Measurement criteria

he United Nations have established the following criteria that meet the need for
full accessibility to water. These must be:
- constant availability and sufficient quantity;

- accessible physically and economically;

- safe.

The first of the criteria, the availability of a sufficient quantity, is strongly influenced by
the distance of the “water source” from the home. The minimum level of accessibility is
that which is required to meet basic physiological needs. This is a quantity of water equal
to about 20 liters per person per day, which generally means a water source within a mile
(or a moving time within 30 minutes).

A better access to drinking water allows for meeting the physiological, food and hygiene
needs of individuals and encourages greater attention to personal hygiene.

It is believed that when water is made available within the confines of the dwelling, the
amount used is theoretically about 50 liters per capita daily. This means that hygiene
practices can be put in place more easily. For example, it is estimated that a family which
has access to water in their home uses an amount for the hygiene of a child that is 30
times higher than what they would consume if they were to obtain a supply from outside
sources.

The second criterion is accessibility, which requires that each individual be guaranteed
a safe and convenient access to the water resources and infrastructures. It also specifies
that access must be ensured “near each person’s home, school and workplace.”

Water — in addition to being physically accessible — must also be accessible from an eco-
nomic point of view. Ensuring accessibility thus implies that the cost of the resource
should meet the economic possibilities of the individuals.

And lastly, the third criterion refers to the quality of the water for human consumption.

In fact, the water must be healthy, clean and not contain micro-organisms, parasites or
other substances in any quantity or concentration that could represent a potential hazard
for human health. Furthermore, in terms of adherence to the organoleptic parameters,
the water for human consumption must be colorless (transparent), odorless and tasteless.
The parameters of safety and and quality of the water are normally established by local or

national regulations. The WHO has drawn up a set of guidelines that can be used as a ref-



Figure 2.5. Levels of accessibility to drinking water
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Source: Howard, G. and J. Bartram, Domestic Water Quantity, Service Level and Health, World Health Organization, 2003.

erence for the development of national standards and which, if implemented adequately,

guarantee the safety of the drinking water.®

2.2.2 Progress made on the accessibility of drinking water

In order to understand and assess the availability and quality of access globally to water
resources, the international organizations use the so-called drinking water ladder . This
methodology distinguishes the population based on the type of water system (distribu-

tion structure) to which it has access.

The three categories identified are:

Direct access in the dwelling through pipes

Indirect access through public facilities and/or wells.

“Compromised” access through structures that are not adequate to protect the re-

source from potential contamination and/or by using inadequate tools for its collection.”

In 2008, 87% of the world population had access to drinking water through pipes (57%)
and/or shared facilities, such as wells and public taps (30%). These facilities are consid-
ered adequate to ensure safe access to the resource.
Compared to 1990, about 1.8 billion more people have gained access to these types of

structures.

WHO/UNICEF, Progress on Drinking
Water and Sanitation, 2010.
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MAINTAINING THE CURRENT
TRENDS, BY 2015 THE
PERCENTAGE OF THE
POPULATION WITH ACCESS
TO WATER IN THEIR HOMES
WILL BE MORE THAN 90%.

Figure 2.6. Percentage of the global population with access to drinking water accor-
ding to the types of available water systems

“Compromised” Indirect access Direct access
access (wells, fountains, etc.) (pipes)

R

Source: revised by The European House-Ambrosetti from WHO/UNICEF, Progress on Drinking Water and Sanitation, 2010.
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By analyzing this issue at the re-
gional level, it is clear that coun-
tries in sub-Saharan Africa are
facing major challenges regarding
access to drinking water: approxi-
mately one third of the 884 million
people who do not qualify for a safe
and constant water supply, in fact,
live in these areas. Instead, in the
developed regions, it is estimated
that there are about 35 million peo-

ple living in such conditions.

In sub-Saharan African countries,

the availability of adequate struc-
tures (type A and B) is significantly
lower than in other countries. However, noting the progress made since the nineties, we
note that the proportion of people who benefit from direct or indirect access to water
rose from 49% in 1990 to 60% in 2008 (+11%). This means that an additional 256 mil-

lion Africans have access to safe water.



Figure 2.7. Percentage of the global population with access to drinking water by type
of available water system, 1990-2008 and trend 1990-2015
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Source: revised by The European House-Ambrosetti from WHO/UNICEF, Progress on Drinking Water and Sanitation, 2010.

Analyses carried out by WHO/UNICEEF clearly show, therefore, that the current situation
is in line with the objective that the United Nations has set. Maintaining the current
trends, by 2015 the percentage of the population with access to water in their homes will
be more than 90%, thus reducing the number to 672 million people still lacking it.
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84% OF THE WORLD’S
POPULATION WHICH
OBTAINS ITS SUPPLIES
FROM UNSAFE WATER
SOURCES LIVES

IN RURAL AREAS.

Figure 2.8. Percentage of the population with access to drinking water, 1990-2008
and the 2015 target
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Source: revised by The European House-Ambrosetti from United Nations,
The Millenium Development Goals Report, 2010.

To highlight the most crucial areas of intervention, it is important to also analyze the
situation from the point of view of the type of human settlement. In fact, one of the deep-
est disparities in the field of water and sanitation is that between urban and rural areas.
This occurs not only because the average income tends to be lower in rural areas, but also
because it is more difficult and often more expensive (on a per capita level) to provide
these services to a spread-out rural population with respect to a more concentrated urban
population.

As can be seen from the figure below, there are still huge disparities between urban and
rural areas: at least 743 million people located in rural areas lack access to safe water
supplies, as compared to 141 million people located in urban areas. 84% of the world’s

population which obtains its supplies from unsafe water sources lives in rural areas.






Figure 2.9. Population with access to water sources: comparison between rural and
urban areas, 1990-2008
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Source: revised by The European House-Ambrosetti from WHO/UNICEF, Progress on Drinking Water and Sanitation, 2010.

Moreover, since 1990, the urban population has grown by about 1.089 billion people: of
these, only 1.052 billion people have gained access to adequate services. As a result, the
sector of urban population without adequate access has grown from 104 to 141 million.
Thus, meeting the growing needs of urban areas is another challenge to be reckoned with.
Disparities in access between urban and rural areas is most marked in Latin America
(91-100% versus 50-75%) and in regions of sub-Saharan Africa, especially in Mauritania,
Liberia, Nigeria, Niger, Angola, Mozambique and Somalia, where the availability of safe
water is between 50% and 75% for the population living in urban areas, compared to

values lower than 50% found in rural areas.



Figure 2.10. Access to water availability from water systems of direct or indirect access:
comparison between urban and rural areas, 1990-2008

URBAN AREAS

RURAL AREAS

Use of improved drinking-water sources

0 91-100% [ 76-90% | 50-75% [ <50% No or insufficient data

Source: WHO/UNICEF, Progress on Drinking Water and Sanitation, 2010.
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2.2.3 Progress made in access to sanitation facilities

The Development Goal (target 10) does not refer only to water supply, but also makes
explicit reference to accessibility to basic facilities of hygiene (health care facilities in
housing, sewer systems, promotion of better hygiene practices, etc.)

The need for health facilities and sewer systems is closely linked with the protection of
water quality from contamination deriving from human and animal waste.

In order to measure the current availability and the progress made in this area, interna-
tional organizations use the so-called sanitation ladder, an analysis method that divides
the population according to the type of sanitary facility available. This methodology dis-

tinguishes between:

Adequate sanitation facilities® (61% of the world population).
“Acceptable” shared sanitation facilities (11% of the world population).
Inadequate facilities (11% of the world population).

Facilities not avilable (17% of the world population)®.

In 2008, 2.6 billion people lacked adequate sanitation. 73% (1.9 billion people) live in
Asia, 22.5% in Africa (583 million), while in the developed regions, the estimation is that
of 0.6% (about 15 million).

Figure 2.11. Percentages of global population by type of sanitation facility
available, 2008

Target

Current

g

11% 11%

Adequate “Acceptable” Inadequate Facilities
sanitation shared sanitation not available
facilities sanitation facilities
facilities

Source: revised by The European House-Ambrosetti from WHO/UNICEF, Progress on Drinking Water and Sanitation, 2010.



Figure 2.12. Percentage of population with availability of adequate sanitation
facilities, 2008

Use of improved drinking-water sources
W 91-100% [ 76-90% 50-75% [ <50% No or insufficient data

Source: WHO/UNICEF, Progress on Drinking Water and Sanitation, 2010.

From 1990 to 2008, globally, about 980 million more people (+7%) have received ad-
equate sanitation facilities. This means that the percentage of the world’s population that
has been satisfied is about 61% of the total (the data refers to the latest available data,
relative to 2008).

Although in 2006, this percentage of the population corresponded to 62% of the total,
an overall improvement in availability has nevertheless been recorded due to an increase
— from 8% in 2006 to 11% in 2008 - of the population which is able to benefit from
“shared” sanitation facilities.

However, this improvement is not sufficient if we consider target 10 of the Millennium
Development Goals. It clearly emerges that many countries — especially those located in

sub-Saharan Africa and Southern Asia — are not in line with the achievement of this goal.
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Figure 2.13. Degree of achievement of the Development Goal (target 10) per
country in 2008

[ On track: >95% or 2008 figure was 1] Not on track: flat or decreasing trend between
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Source: WHO/UNICEF, Progress on Drinking Water and Sanitation, 2010.

Unfortunately, in this regard, if current trends are maintained, it will not be possible
to achieve the goal because the result would be less than 13 percentage points. It is es-
timated that in 2015, approximately 2.7 billion people will still have no access to basic
sanitation facilities.

Recognizing the importance of sanitation facilities as to health, environment, poverty re-
duction and economic and social development, and considering the insufficient results,
the United Nations also declared 2008 “International Year of Sanitation,” with the aim
of addressing the problem through a greater deployment of resources and funding and
to achieve a better balance. Even in this case, as already noted for water supply, there are
huge disparities between urban and rural areas, especially in developing countries (Latin

America and southern Africa).



Figure 2.14. Percentage of population by types of sanitation facilities available, 1990-
2008 and 1990-2015 trends
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Figure 2.15. Availability of sanitation facilities: comparison between urban and rural
areas, 1990-2008
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Source: WHO/UNICEF, Progress on Drinking Water and Sanitation, 2010.



The percentage of people with access to adequate services in urban areas has reached 76%,
compared to 45% in rural areas. This means that more than 7 out of 10 people without
health care facilities live in rural areas.

The growing urbanization process taking place is an increasingly critical challenge. In fact,
since 1990, although 813 million people have obtained access to proper sanitation facilities
(type A), an additional 276 million have not been able to benefit from it. The offer of this
service, therefore, is not able to maintain the same growth rate as the urban population
(+1089 million people in 2008 compared to 1990).

Figure 2.16. Percentage of population as to type of sanitation facilities available:
comparison between urban and rural areas, 1990-2008
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Source: revised by The European House-Ambrosetti from WHO/UNICEF, Progress on Drinking Water and Sanitation, 2010.

If current trends are maintained, it will not not possible to achieve the goal because the result
would be less than 13 percentage points. It is estimated that in 2015, approximately 2.7 billion
people will still have no access to basic sanitation facilities.

Actions to improve the water supply and sanitation system of a community should not be
undertaken in isolation, but should subscribe to a coherent and cross-sector development
strategy, including infrastructures, education and governance skills.

Indeed, achieving a sustainable and effective functioning of the structures over time requires
periodic maintenance, as well as education and the creation of adequate professional figures.
In addition, the spreading of information on the collection/preservation of water resources
at households is critical for maintaining the water’s organoleptic qualities and to prevent the
creation of a potential habitat for disease-carrying pests.

Achieving the objectives that the UN has set calls for a joint involvement of all local and inter-

national actors, whether they be in public or private sectors.
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China and India:

great progress made in the accessibility
to drinking water and sanitation facilities

Even though China and India host more
than a third of the world's population, since
1990 until today, both countries have made
considerable progress in improving the ac-
cess of their populations to safe water and
basic sanitation.

In 2008, in fact, as much as 89% of China's
population (about 1.2 hillion people out of a
total of 1.3) and 88% of the Indian popula-
tion (about 1.1 billion people out of a total
of 1.2) had access to drinking water, against
67% and 72%, respectively, in 1990.

As shown in Figure 2.17, the people of Chi-
na and India account for almost half (47%)
of the people worldwide who were denied
access to adequate water systems between
1990 and 2008, thus highlighting the im-
portance of these two countries regarding
the global situation of the availability of drin-
king water for the population.

Figure 2.17. Distribution of the
population with direct and indirect
access to drinking water

Figure 2.18. Distribution of the
population with access
to adequate sanitation

The achievement of the Millennium Deve-
lopment Goals is, therefore, highly depen-
dent on the results of these countries.

Upon analyzing the availability of basic sa-
nitation structures, it is evident that 38% of
the global population living in China and In-
dia had access to improved basic sanitation
systems between 1990 and 2008. In other
words, during this period, 4 out of 10 people
who had access to such facilities were living
in these two countries.

Nevertheless, although between 1990 and
2008, the proportion of people with access
to such services increased both in China
(from 41% to 55%) and in India (from 18%
to 31%), on a global level the achievement of
the sanitation development goal appears to
be compromised (-13% in 2015, as compa-
red to the set target).

2008
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2.2.4 Cost-benefit Analysis

A cost-benefit analysis conducted by the WHO on the real possibility of achieving target
#10 of the Development Goal number 7 by 2015 and its related plan of actions, estimated
that every U.S. dollar invested in improving access to water and sanitation would gene-
rate economic returns ranging from 3 to 34 U.S. dollars." Obviously, this amount varies
depending on the starting conditions of the area which is the object of intervention and
the technologies utilized.

In particular, achieving this goal would mean:"

- an annual reduction of $7.3 billion in public health expenditure and, in parallel, a yearly
reduction of $340 million in private health spending;

- an annual gain of 1.5 billion days for the health of children under 5 years of age, 272
million days of school, 320 million working days (for the population between 15 and 59
years of age), with a value of approximately $9.9 billion;

- time savings generated by an easier water supply, for a total of about $63 billion a year.

Against these benefits, it is estimated that the total amount needed for the realization of

the target for developing countries is:

- about $42 billion, for the portion of the goal related to the creation of infrastructures to
allow safe access to water;

- about $142 billion for the portion of the goal related to meeting the sanitation needs.

This translates into a per capita expenditure of $8 for the first sub-goal and $28 for the

second.’ The estimated total annual investment from 2005 until 2015, is therefore about

18 billion dollars™ ($4 billion for water and $14 billion for the health and hygiene por-

tion) compared with around 84 billion dollars a year in total benefits.
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1. This is what the Secretary of the United Nations at the time said in his inaugural address “Water
for Life Decade 2005-2015." Source: United Nations, Access to Safe water priority as UN Marks
Beginning of International Decade, New York, March 17, 2005.

2. The United Nations Committee on economic, social and cultural rights (UN CESCR) is the body
charged with monitoring the implementation by the member States of the International Covenant
on economic, social and cultural rights and is therefore in compliance with the principles enuncia-
ted by the Universal Declaration of the Rights of Man.

3. UN CESCR, General Comment No. 15, 2002 (the document that enumerates a series of gui-
delines addressed to the Member States of the United Nations concerning the interpretation of
specific aspects of the human rights treaty, under the jurisdiction of the issuing body).

4. United Nations, United Nations Millennium Declaration, New York, September 2000.

5. WHO/UNICEF, Joint Monitoring Programme for Water Supply and Sanitation (JMP), Progress
on Drinking Water and Sanitation, 2008.

6. World Health Organization, Guidelines for Drinking-water Quality, third edition, 2008.

7. The World Health Organization has classified such structures as these following types: “improved,”
“other improved,” “unimproved” (WHO/UNICEF, Progress on Drinking Water and Sanitation, 2010).

8. Sanitation structures avoiding contact between humans and their excrements. These include:
flush toilets, related sewer systems, cesspools, etc. The WHO classifies these facilities in the fol-
lowing categories: “improved sanitation facilities,” “shared sanitation facilities,” “unimproved sanita-
tion facilities,” “open defecation” (WHO/UNICEF, Progress on Drinking Water and Sanitation, 2010).

10. WHO, Safer Water, Better Health: Cost, Benefits and Sustainability of Interventions to Protect
and Promote Health, 2008. Hutton, G. and J. Bartram, Evaluation of the Costs and Benefits of
Water and Sanitation Improvements at the Global Level, WHO, 2008.

11. According to a study by the United Nations, the economic return (always measured in terms
of reducing health care costs, and increased profitability and time savings) is $8 for every dollar
invested in achieving the goal. (UNDP, Human Development Report 2006, 2006).

12. Estimate on a global level.

13. Hutton, G. and J. Bartram, Regional and Global Costs of Attaining the Water Supply and Sani-
tation Target (Target 10) of the Millennium Development Goals, WHO, 2008.

14. According to the authors, this data is in line with estimates published in previous studies, the
last of which, in 2004, predicted a total annual expenditure of $11.3 billion. The latest estimates
emphasize the need to not focus the scope of analysis only on new structures, but also to consider
the existing ones and therefore the maintenance costs associated with them. In fact, it has been
estimated that the cost of maintenance needed to maintain an optimal state in existing plants is
about 54 billion dollars a year.
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THE WATER FOOTPRINT

ater content — or more accurately, the water footprint or the virtual water
content — of a product (commodity, good or service) is the volume of fresh
water consumed directly or indirectly to achieve it, calculated by adding up
all stages of the production chain. The term “virtual” refers to the fact that most of this
water is not physically contained in the product, but is relevant to the direct and indirect
consumption required for its production throughout its life cycle.
The water footprint' is a complex, multi-dimensional indicator that shows the volume of
water consumed per source and those that are contaminated as to type of contaminant; all
components of the water footprint are specific in both geographical and temporal terms.
As an indicator of “water consumption,” the water footprint differs from merely “taking a
water sample” with regard to three parameters:
- it does not consider the volume of water that is withdrawn, but that which does not return
- to the same source from which it has been taken;

- it is not the mere consumption of water, but it also takes into consideration the volumes
that are “absorbed” by the product and those which are polluted by production process;
it does not just take into consideration the direct consumption of water, but also that

which is indirect.

The water footprint, therefore, offers a broader and deeper insight into water use by a con-
sumer or producer;? however, it does not measure how large the consumption of water
is nor its pollution at the local level. The local environmental impact due to a given con-
sumption and subsequent pollution of water is a function of the vulnerability of the local
water system, namely the number of users of the water resource that is used and then
polluted. The water footprint calculates the information on water use by humans for dif-
ferent purposes and activities explicitly in space-time terms. It is, therefore, necessary to
bear in mind that a proper allocation and a sustainable and equitable use of water certainly
contribute to creating a solid basis for the analysis of social, economic and environmental
impacts at the local level.

This analysis has been conducted using the the study of the life cycle, which permits the

objective assessment of all the energy and environmental impacts related to a process.



The Water Footprint Network and its history

The concept of the “water

footprint” was theorized in

2002 by Professor Arjen Y.

Hoekstra of the University

of Twente (Netherlands),

as part of the activities

promoted by UNESCO in

the search for an alter-

native to the traditional

indicators of water use.

The water footprint

measures the use of

resources in terms of

volume (in cubic meters) of

water that has evaporated and/or been
polluted during the entire chain, from
production to direct consumption, which
can be calculated not only for every pro-
duct or activity, but also for every well-
defined group of consumers (an indivi-
dual, a family, the inhabitants of a city, a
nation) or producers (private companies,
public organizations, economic sectors).
The water footprint is related to the
concept of virtual water theorized by
Professor John Anthony Allan of King's
College London, School of Oriental and
African Studies in 1993, which shows
the volume of the fresh water consumed
to produce a product (commodities, go-
ods or services) by adding together all
the phases of the production chain.

The Water Footprint Network (of which
Hoekstra is the scientific director) is a
non-profit organization founded in 2008,
fruit of the major organizations involved
in the issue of water resources, (including
the University of Twente, WWF, UNESCO,
the Water Neutral Foundation, the World
Business Council for Sustainable De-

velopment, etc), in
order to coordinate
activities in this field,
to raise awareness of
the water footprint, of
the methods and tools
used for its calculation,
and to promote equita-
ble, sustainable and ef-
ficient use of the global
water resources.
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The analysis of the life cycle of a product

The estimate of the environmental impact
associated with any single food or product
can be conducted with the analysis of the
life cycle (Life Cycle Assessment - LCA), a
method of objective assessment of energy
and environmental impacts related to a
process (whether it be an activity or ser-
vice). This estimate includes the analysis of
the entire supply chain, including the ex-
traction or cultivation and the processing
of raw materials, manufacturing, packag-
ing, transportation, distribution, use, re-
use, recycling and final disposal.

The LCE analysis method is regulated by
ISO 14040 and 14044 of the international
standards, which define its particular char-
acteristics.

The LCA studies are tools of scientific anal-
ysis that, on the one hand, have the ad-
vantage of allowing an assessment of the
system that is as objective and complete
as possible, and on the other, the disad-
vantage that the results are sometimes
difficult to communicate. To make it easier
to understand the results of a study, sum-
mary indicators are normally used, defined
so as to preserve the scientific analysis
as much as possible. These indicators are
typically selected based on the type of sys-
tem being analyzed and they should be
chosen to represent the interactions with
the major environmental sectors in the
most complete and easiest way.

To be more specific, focusing on the agri-
cultural industries, the analysis of the pro-
cesses leads us to underline that the main

environmental impacts are represented by
the generation of greenhouse gases, the
use of water resources and the occupation
of territory.

The indicator chosen and reported in this
document is the water footprint, which
guantifies the consumption and ways to
use water resources, and is measured in
volumes of water consumed or polluted
per unit of product.

Two other very important indicators used
in conjunction with the water footprint®
are the carbon footprint and the ecologi-
cal footprint. The first is the emission of
greenhouse gases responsible for climate
change and is measured in the equiva-
lent CO, mass. The second measures the
amount of biologically productive land
(or sea) necessary to provide resources
and absorb the emissions associated with
a production system and is estimated in
square meters or global hectares.

This publication deals with the issue of
water and its attention, therefore, is di-
rected chiefly at the water consumption for
products, goods and services in common
use, using the water footprint as the sole
indicator of reference. However, it is im-
portant to remember that in order to have
a clear overall vision of the environmental
impact of a product, it is always necessary
to also take into account the other indica-
tors, in order to provide a sufficiently com-
plementary view of the impacts, avoiding
those that are piecemeal and, in some
cases, misleading.



Figure 3.1. The life cycle of a product

1. Cultivation

5. Cooking

4. Transport

2. Transformation

3. Packaging
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3.2 Calculation of the green, blue and gray water footprint

The water footprint has three components:

- the green water footprint is the volume of rainwater that evaporates during the production
process;

- the blue water footprint is the volume of water used in the production process that does not
return to the water source from which it came;

- the gray water footprint is the volume of polluted water, which can be quantified by calcu-
lating the volume of water needed to dilute the pollutants released into the water system

during the production process.*

Figure 3.2. Schematic representation of the components of the water footprint of a
consumer or producer

Direct use Indirect use
of water of water

Water footprint: ~ Water footprint:

green component  green component
Water

consumption

Extraction of water
Water that returns to Water footprint:
the same source from ' blue component
which it came

Water footprint:
blue component

Water
pollution

Water footprint: ~ Water footprint:
gray component  gray component

Source: Hoekstra et al., The Water Footprint Assessment Manual, 2011.

The figure shows the different components of the water footprint and helps to under-
stand how the portion of water withdrawn and not consumed (which returns to the
source from which it was extracted) is not counted in the calculation. Moreover, it ex-
plains — in contrast to what is done to measure a mere sampling of water — how this is
included in the green and gray water footprint, as well as the components related to the
indirect use of water.

The water footprint, in fact, does not just take the direct use of water into account, (i.e. to
produce a good or service or supporting activities), but also the indirect content (i.e. con-
sumption relating to the entire production chain).

For example, the water footprint of an activity is defined as the total volume of water used
directly and indirectly by the activity itself and, therefore, is the total amount that can
be associated to the outputs of the system. The direct use of water is equal to the volume

used in the production or support activities, while the indirect use is the volume used at



the inception of the process or activity under consideration which includes, for example,
water consumption for the production of raw materials.

The use of the three components of virtual water affects the hydrogeological cycle differently.
For example, the consumption of green water has a less invasive impact on the environ-
mental balance than that of blue water, which, however, is the most strategic and important
water resource.

The component that is relatively simpler to calculate is the blue water footprint of a prod-
uct, which can be traced to the accounting of the water consumption by a more or less
complex industrial system.

Therefore, the volume of water that is diverted from its course must be considered to be
that which evaporates during the production process. In the case of agricultural crops, it
is the amount of irrigation water that evaporates from the soil and the evaporation from
irrigation canals and artificial reserves. In the case of industrial and domestic purposes, it
means the amount of water drawn from water sources or reservoirs that has evaporated,
and thus is not re-entered into the water system from which it came.

In the case of food production chains, for example, it takes into account both the water
which evaporated as a result of its use during the industrial production and of that which
evaporated as a result of irrigation in the agricultural phase.

In the latter case, for simplicity, it can be assumed that all water used for irrigation has
evaporated or not returned to the same body of water from which it came, and thus, comes
to be a part of the component of impact. This hypothesis is, in fact, a precaution because if
the water of the upper aquifer is used to irrigate, part of what goes onto the ground might
actually fall in the water table, immediately replenishing the reserve from which it was tak-
en (this is true if the water has been taken from the same aquifer that it goes to replenish).
The estimation of the gray water component must be made by taking into account both
the characteristics of the water released from the system and the natural conditions of the
receiving body into which it is released.

The volume of gray water, in fact, is calculated as the amount of water (theoretically)
required to lower the level of the pollutant to the legal limits and which is then dis-
charged at the end of the production processes upon (presumably) reaching the levels
of natural concentration for the receiving water body in question. For example, if it
is a matter of calculation of the gray water footprint for cultivation, it is necessary
to take into account such factors as the amount of fertilizer used, the fraction that
actually leaches into the soil and the yield of the crop, in addition to the maximum
concentration legally admissible and the natural concentration that in some cases may
be set at zero.

The most characteristic and complex feature to consider is certainly the part of the green
water used specifically for agricultural production and biomass, in that it depends on the
local climate and the type of crop species. In essence, this component represents rainwater
evapotranspiration.

The green water footprint is an especially relevant component for agricultural crops (in-
cluding the transpiration from plants and other forms of evaporation).

Again, the operational difficulties of the calculation are simplified by the availability of
tools and public data provided by the FAO, which measure the green water footprint of a
product taking into consideration the influence generated by the species and the area of the
world where it is grown.

The following table lists some examples of the average global water footprint of some of
the most common cereals (with details of the division into the green, blue and gray compo-
nents) in the study by Hoekstra® published in 2011.
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Water Economy

Figure 3.3. Comparison of the average global water footprint of some cereals

Wheat 1277 342 207 1827
Wheat 1200 16 189 1405
(Italy)*

Rice 1146 341 187 1673
(paddy fields)

Barley 1213 79 131 1423
Corn 947 81 194 1222
Rye 1419 25 99 1544
Oats 1479 181 128 1788

Sources: Mekonnen, M. and AY. Hoekstra, The Green, Blue and Grey Water Footprint of Crops and Derived Crop Products,
Hydrology and Earth System Sciences Discussions Editor, n. 8, pp. 763-809, Copernicus Publications, Géttingen,
Germany, 2011. *The data relates to the grain produced in Italy and comes from the study by Mekonnen,

M. and A.Y. Hoekstra, A Global and High-Resolution Assessment of the Green, Blue and Grey Water Footprint of Wheat,
Water Research Report Series, n. 42, UNESCO-IHE Institute for Water Education Editor, Delft, The Netherlands, 2011.

For example, to calculate the green water footprint of a simple food such as tomatoes, one
needs to know the area of origin, the characteristics of weather and climate and the cultiva-
tion period. Depending on these characteristics and the place where the product is grown,
it can also be inferred whether or not irrigation is necessary, and then the blue water foot-
print can be calculated. Finally, depending on the type and amount of fertilizer used, an es-
timate must be made of the amount of virtual water required to dilute these contaminants
up to the return of that used for irrigation back to the natural concentration, i.e., the gray

water footprint.



Evapotranspiration

Evapotranspiration (ET) is a variable or
physical quantity that is the amount of
water (per unit of time) that goes from the
ground into the air to become vapor due
to the combined effect of transpiration (T),
through plants, and evaporation (E), di-
rectly from the soil.

The concept encompasses two distinctly
different processes (since, strictly spea-
king, the evaporation goes beyond that
of the cultivation); however, one cannot
separate the two phenomena and tre-
at them separately. On the other hand,
for all practical purposes, it is the actual
consumption, both by evaporation and by

Figure 3.4. The evapotranspiration process

=

)

Weather =)
parameters

T
E characteristics €

transpiration, that is of concern. The unit
of measurement is the millimeter, defined
as the height of the mass of evaporated
and transpired water. Although it is a cli-
matic phenomenon which is the opposite
of rainfall, conventionally the millimeter is
used to make the size directly comparable
with the precipitation.

Evapotranspiration is the result of the co-
ming together of several factors depending
on the nature of the terrain, climate, agri-
cultural species and cultivation technique.
These factors cannot be distinguished be-
cause the evapotranspiration is the result
of their interrelationships.

Crop ET

Management/ ;»

o — ET

environmental factors Cad
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Water Economy

Source: revised by The
European House-Ambrosetti
from Hoekstra, AY. and AK.
Chapagain, Water Footprints
of Nations: Water Use by
People as a Function of Their
Consumption Pattern, in
Craswell, E., M. Bonnell, D.
Bossio, S. Demuth and N.
Van De Giesen (edited by),
Integrated Assessment of
Water Resources and Global
Change - A North-South
Analysis, Springer, 2007.

THE VIRTUAL WATER
CONTENT OF SOME
PRODUCTS AND FOOD

he water footprint concept can also be applied to products of common use to make
manifest the direct and indirect use of water to produce what is consumed daily,
such as agricultural products (from the cultivation of plants and breeding animals),
which account for about 70% of the water that is used by humans globally.
In particular, farm products (meat, eggs, milk and dairy products) have a higher virtual
water content than those which are cultivated because livestock consume a large amount
of crops as food for several years, before being processed into food products (in addition to
the direct consumption of water for drinking and other operations).
The table below shows the value of virtual water for some types of agricultural products in
amounts of product easily found in the everyday lives of consumers and in finished indu-
strial products (such as a T-shirt, a sheet of A4 paper, etc.).®
In the end, it should be stressed that the water footprint of a product does not always have
the same value everywhere in the world, but varies depending on its origin. For example, if
you look at an agricultural product in terms of water consumption, it has a different impact
depending on the area where it was produced, the characteristics of the local climate and
weather, water availability and whether it needs to be watered.
In this regard, compare the water footprint of wheat in Italy (2421), which is equal to four
times that of China (690), or maize in India (1937), and also equal to four times that in the
United States (489).

Figure 3.5. Water footprint of some agricultural products (m3/ton) in some countries

Rice 3419 1903 1972 4254 3584 4600 2506
Wheat 1334 849 690 1654 2375 1616 2421
Maize/Corn 909 489 801 1937 1397 1180 530
Soy 1789 1869 2617 4124 3933 1076 1506
Beef 15,497 13,193 12,560 16,482 21,028 16,961 21,167
Pork 4856 3946 2211 4397 6947 4818 6377
Goat 4043 3082 3994 5187 5290 4175 4180
Sheep 6143 5977 5202 6692 7621 6267 7572
Chicken 3918 2389 3652 7736 5763 3913 2198
Eggs 3340 1510 3550 7531 4919 3337 1389
Milk 990 695 1000 1369 1345 1001 861
Cheese 4914 3457 4963 6793 6671 4969 4278




Figure 3.6. Global average water footprint of some types of commonly used products (liters).

Sheet of A4 paper (80 g/m?)

10
Slice of bread (30 g)

40
Egg (40 g)

135

Piece of cheese (100 g)

500

Hamburger (150 g)

2400

Tomato (70 g)

13

Orange (100 g)

50

Bag of potato chips (200 g)

185

Piece of chocolate (50 g)

860

Pair of a leather shoes

8000

Potato (100 g)

25

Apple (100 g)

70

Slice of cake (80 g)

250

T-shirt (250 g)

2000
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Good practices for saving water

Daily behavior and habits can lead to the
wasting of more or less water: a com-
modity that is fundamental to life. But
it is also a good that is in short supply,
especially in some parts of the world, as
well as being an economic good; the-
refore, it is important to follow a few
simple gestures to help respect and
conserve water. Some of these, such
as those listed below,” can be a good
way to reduce the wastage of water in
everyday behavior:

- use an air mixer in taps and showers:
this helps reduce water consumption
without changing one’s habits and saves
almost half of that which is used;

- use a dual-flush button in toilets (each
jet flushing consumes about 10 liters
of water, but this amount is not always
necessary);

- collect and channel rainwater to the gar-
den or harvesting cisterns, for later use;

- water plants on the balcony with the
water used to wash fruit and vegetables;

- make periodic checks of the water sy-
stem of the house to repair any leaks;

- choose a shower over a bath (to fill a
bathtub, 100 liters of water are needed,
whereas for a shower, the consumption
is about half);

- always close the tap when not in use
(while brushing your teeth or while la-
thering in the shower or massaging your
skin, or even while washing your hands);

- wash the dishes using a pan in which to
soap them and a small jet of water for
rinsing them only at the very end.

These are simple gestures which, however,

together with other responsible choices,

can lead to reducing the wastage of water.



3.4 THE WATER FOOTPRINT OF THE
FOOD PYRAMID OF THE BARILLA
CENTER FOR FOOD & NUTRITION

he food pyramid allows the principles of proper nutrition to be communicated con-
cisely and effectively in order to educate the population as to more balanced eating
habits and is based on the model of the Mediterranean diet.
The Barilla Center for Food and Nutrition has proposed the food pyramid in two versions,
by placing the food not only according to what nutritional science has long been suggest-
ing for our health, but also according to their impact on the environment. The result is a
“Double Pyramid”: the traditional food pyramid and an environmental pyramid.® The latter
is represented upside down: the foods with the most environmental impact are on top and

those with reduced impact are on the bottom.

Double Pyramid:
healthy food for people,
sustainable food for the planet

AVAVA
Fondazione
Barilla

iltuo cibo, la tua terra
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Bread, Pasta
Rice, Potatoes,

Figure 3.7. The food and environmental “Double Pyramid” prepared by the Barilla
Center for Food & Nutrition

LOW

Sweets

Red meat

Cheese

Eggs
White meat

Fish
?

Cookies

Milk
Yogurt

Olive Oil

FOOD PYRAMID

Source: Barilla Center for Food & Nutrition, 2010



ENVIRONMENTAL PYRAMID

HIGH

Red meat

Cheese
Fish

White meat

Sweets

Legumes, Cookies
Pasta, Milk, Yogurt
Olive oil, Rice, Eggs
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Water Economy

The food pyramid shows the different food groups in ascending order. At the base of the
pyramid are the foods of plant origin (characteristic of the Mediterranean diet), rich in
terms of nutrients (vitamins, minerals, water) and protective compounds (fiber and bio-
active compounds of plant origin) and with reduced energy density. Ascending gradually
are the foods of growing energy density (many of which are found in the American diet)
that should be eaten less frequently.

The environmental pyramid was made based on the estimate of the environmental im-
pact associated with each individual food consideringing the whole life cycle and using
data available in literature.

Although the representation of the environmental pyramid prepared by the Barilla Cent-
er for Food & Nutrition in the previous paper Double Pyramid: healthy food for people that is
sustainable for the planet was made using the ecological footprint as the single indicator of
reference, it is possible to make the environmental pyramid with reference to the water
footprint indicator.’

Through the use of this indicator, it is, therefore, possible to create an environmental
pyramid of water, alongside the known food pyramid, linking to the environmental im-
pact — and therefore, in this case, the water consumption - of different types of food.
An inverted pyramid is thus obtained, in which the different food groups are arranged in
ascending order on the basis of their environmental impact in terms of their water foot-
print'®: up above are foods with the most impact, while down below are those that have a
lower impact.

In particular, we found that even in the environmental pyramid of water, as well as for
that obtained using the ecological footprint, red meat is the food that has the greatest
impact, whereas vegetables, potatoes and fruit are characterized by effects that are sig-
nificantly lower.

Therefore, placing the environmental pyramid of water drawn alongside that of the food,
you can see how most of the foods for which a more frequent consumption is recom-

mended are also those with minor environmental impact in terms of water use.



Figure 3.8. Food Water Footprint

Beef
10,000 ‘w0 -
! K Al m Walnuts and hazelnuts
CYAR) Sunflower seed oil
5000
Olive oil
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Legumes
4000
Poultry
Food Water Footprint
Liters of water per kg or liter of food
Legend: average value
EXV| Fruits
PLJ0) Potatoes
KP4y Vegetables
0
0 1000 2000 3000 4000 5000 6000 / 15,000 20,000

AVAVA

Fondazione
Barilla

il tuo cibo, la tua terra

Source: Barilla Center for Food & Nutrition, 2011
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WATER FOOTPRINT  Conversely, most of the foods for which a less frequent consumption is recommended are
OF FOOD  those having a greater impact on the environment also from the point of view of the con-

sumption of water resources.

Figure 3.9. Water Footprint of the Food Pyramid
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WATER FOODPRINT
OF BEVERAGES

50

In other words, even from this new elaboration of the Double Pyramid in a single model,

the coincidence is shown of two different but equally important goals: health and envi-

ronmental protection.

Finally, by analyzing the water footprint of the most popular beverages and their daily con-

sumption, another pyramid can be made which shows the water consumption necessary for

the preparation of each of them.

All data contained in the pyramid of beverages derives from the site of the Water Footprint

Network or from scientific publications on the water footprint.

Figure 3.10. Water Footprint of beverages (per glass or cup of the beverage)

)
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Source: Barilla Center for Food & Nutrition, 2011



Figure 3.11. Water Footprint of beverages (per liter of beverage)
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3.5 THE IMPACT OF DIETARY

HABITS ON THE CONSUMPTION
OF WATER

t is generally accepted that there is a drastic need today for the improvement of THE CONSUMPTION OF
water use, especially in agriculture, and for limiting waste. VIRTUAL WATER DAILY TO
FEED ONESELF RANGES
FROM ABOUT 1500-2600

. . . . .. LITERS IN THE CASE OF
the production and consumption of food will determine severe food crises in different AVEGETARIAN DIET TO
parts of the world. ABOUT 4000-5400 LITERS
Therefore, we can start with the food, taking into account that an individual uses an [N THE CASE OF A MEAT-

average of two to five gallons of water per day for drinking, while the consumption of RICH DIET.

According to the study, Water for Food, Water for Life: A Comprehensive Assessment of

Water Management in Agriculture," long-term maintenance of the current practices of

virtual water daily to feed oneself ranges from about 1500-2600 liters in the case of a
vegetarian diet to about 4000-5400 liters in the case of a meat-rich diet."

From the above, it is evident that eating habits, in addition to nutritional effects of
nature, also involve significant environmental effects.

To understand the differences, two daily menus have been prepared, both balanced
from a nutritional standpoint, and their impact in terms of water consumption have
been calculated.

The first daily menu includes a diet rich in vegetable protein and low in animal fat;

instead, the second is based on a consumption, albeit modest, of red meat.

Figure 3.12. “Vegetarian” Menu

1 “VEGETARIAN" MENU
S~ O (™

K CALORIES

PROTEINS  FATS CARBOHYDRATE
(el = 14% 30% 567
CONSUMPTION' 0 0 0
......................................................................... e UL S ...
1 Portion of fruit 1 Small container 1 Portion of Caserecce 1 Small container 1 Cream of vegetable
(200g) of low-fat yogurt 1 Portion of squash of low-fat yogurt soup - steamed green beans
4 Bread rusks 1 Fruit and leek quiche 1 Packet of (200g) and potatoes (400g)
unsalted crackers with grated parmesan cheese
152 185 300 115 780
LITERS LITERS LITERS LITERS LITERS

Source: Barilla Center for Food and Nutrition, 2011
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Figure 3.13. Menu with more meat

(SARORIES PROTEINS  FATS CARBOHYDRATE
4300z 15% 25% 60%
CONSUMPTIDN' 0 0 (0]
Breakfast Smack . Ltunch o Smack Dinner .
1 Cup of low-fat milk 1 Portion of fruit 1 Slice of pizza 1 Container 1 Portion of pasta with peas
4 Cookies (200g) Margherita mixed of low-fat yogurt 1 Grilled beef-steak (150 g)
Green salad 1 Slice of loaf
183 120 1325 125 2550
LITERS LITERS LITERS LITERS LITERS

THE INCLUSION OF
LIVESTOCK PRODUCTS
RESULTS IN AN
INCREASE OF ABOUT
THREE TIMES THE
CONSUMPTION OF
WATER RESOURCES.

Source: Barilla Center for Food and Nutrition, 2011

By comparing the impact in terms of the water footprint of the two menus proposed, it is
clear that the inclusion, however modest, of livestock products in the menu such as milk and
meat results in an increase of about three times the consumption of water resources.

Milk and meat, in fact, have a greater virtual water content than cultivated products such
as fruits and vegetables due to the significant consumption of agricultural products used to
feed farm animals in order to turn them into food resources, resulting in a less “sustainable”
menu, characterized by the elevated presence of livestock products.

The following figure shows the water footprint of some courses.



Figure 3.14. Water footprint of some courses of a hypothetical international menu
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Source: World Water Council, 3 World Water Forum, 2003
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IF ALL THE INHABITANTS
OF THE PLANET WERE TO
ADOPT THE AVERAGE DIET
OF WESTERN COUNTRIES,
A 75% INCREASE OF

THE WATER CURRENTLY
USED TO PRODUCE FOOD
WOULD BE NEEDED.

From these examples, it is clear that the evolution of the dietary habits of individuals can
have a very significant impact on the availability of water resources.

Suffice it to say that if all the inhabitants of the planet were to adopt the average diet of We-
stern countries characterized by a high consumption of meat, a 75% increase of the water
currently used to produce food would be needed.”

The following figure shows the effects of certain food choices — leading to changes in the
typical American diet (rich in red meat) — on the volume of water needed (water footprint)

to produce the food items in the diet.

Figure 3.15. Effects of changes in the way of eating on the virtual contents of the
average American diet (liters per person per day)

USA Diet
5400 -
of red meat 25%
substituted by reduction 50%
white meat of animal of red meat

products substituted

4800 by vegetable

products 50%
4 4 0 0 reduction
of animal

products

Diet @)

© 3400

Diet @
Diet @

Source: revised by The European House-Am-
brosetti from Renault, D. and W.W. Wallender,
Nutritional Water Productivity and Diets: From
‘Crop per Drop’ Towards ‘Nutrition per Drop’,
Agricultural Water Management, 2000.

If, in fact, fifty years ago the number of inhabitants on our planet and their way of life
required less water, today the competition for water resources, which are increasingly
scarce, is intense: many basins are not able to meet the demand for water and some have
dried up completely. Looking ahead, the lack of water will be a constraint to food produc-
tion for hundreds of millions of people.

In this context, which requires a clear yet drastic turnaround, the accountability of institu-
tions and enterprises (both agricultural and industrial) and the personal commitment of all
citizens to contribute to the progressive reduction of consumption and waste must be added.
This can be done simply by improving their eating habits, adopting diets that, in addition

to being healthier for themselves, help to significantly reduce their water footprint.



1. Hoekstra, A.Y., AK. Chapagain, M.M. Aldaya and M.M. Mekonnen, The Water Footprint Asses-
sment Manual: Setting the Global Standard, Earthscan, London 2011.

2. Updates about the rules for calculating the water footprint can be found in Hoekstra et al.,
The Water Footprint Assessment Manual, 2011. Further discussion is contained in Chapter 4 of
this position paper.

3. See section 3.3 and Barilla Center for Food & Nutrition, Double Pyramid: Healthy Food for
People, Sustainable for the Planet, 2010.

4. This volume is obtained by dividing the pollutant load by the difference between the envi-
ronmental quality standards of a certain contaminant (C-max, which is the maximum accepta-
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5. Mekonnen, M. and AY. Hoekstra, The Green, Blue and Grey Water Footprint of Crops, Hydro-
logy and Earth System Sciences Discussions Editor, USA, 2011.

6. For the examples, world average data was collected based on what is available; relating
to agricultural products, a rather long time span (1996-2005) was taken into consideration
for collecting all the rainfall and climate data of the main areas of the world in which each
product is grown.

7. See www.ecoage.it/risparmiare-acqua.htm.

8. An examination of the theme of the food pyramid and the Double Pyramid is contained in
the position paper Double Pyramid: Healthy Food for People, Sustainable for the Planet, by the
Barilla Center for Food & Nutrition in 2010.

9. As mentioned in Section 3.1, the water footprint is a direct indicator of the use of fresh
water made to express both the quantity of water resources actually used and the way in
which the resource is used.

10. The water pyramid has been made for each category of product to obtain an average figure
from data found in literature, disregarding those that are clearly abnormal. In particular, we
used the database of the website and publications of the Water Footprint Network, which pro-
vided several examples relating to foods of animal or agricultural origin.

11. Comprehensive Assessment of Water Management in Agriculture, Water for Food, Water
for Life: A Comprehensive Assessment of Water Management in Agriculture - Summary Book,
Earthscan and Colombo, International Water Management Institute, London 2007.

12. World Water Council, 2008.

13. Zimmer, D. and D. Renault, Virtual Water in Food Production and Global Trade: Review of Me-
thodological Issues and Preliminary Results, in Hoekstra, A.Y. (ed.), Virtual Water Trade: Proceedings
of the International Expert Meeting on Virtual Water Trade, Value of Water Research Report Series
No. 12, Delft (The Netherlands), UNESCO-IHE, Institute for Water Education, 2003.
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Water Economy

The information used to build the water
footprint of food pyramids was grouped
according to the following classification:
foods and beverages.
The values of water footprints deriving
exclusively from public databases and
scientific studies have been shown for
each category analyzed.
The decision to use only data and infor-
mation of a “public” nature is due to the
fact that a decision was made to organi-
ze the presentation of the results so that
they could be re-constructed by any rea-
der who wants to deal with the analysis
more thoroughly and analytically.
If there were several scientific studies for
the same product, or when there were
multiple values within the same study, the
minimum, maximum and average values
were taken. Otherwise, the only available
value is shown.
The information used to complete this
work derives from the published literatu-
re or other databases typically consulted
in the study of life cycle analysis. In the
bibliographical references, every single
source found in the scientific literature
was cited, and in particular:
- the database of the Water Footprint
Network (http://www.waterfootprint.org);
- the Environmental Product Declaration
EPD; http://www.environdec.com);
- scientific reports and publications.
Far from being conclusive, this work is

meant to be a stimulus for the publication
of further studies on measuring the water
footprint of food, which will be considered
in the next editions of this document. This
way, readers can increase the coverage of
statistical data and examine the influence
that some factors, such as geographical
origin, for example, can have.

The following tables show, in detail, the
bibliographical sources selected for the
construction of the water footprint of the
food pyramids. The first column shows the
product, followed by the unit of reference
of study and the main system boundaries
taken into consideration. The last column
shows the data used.

fl
A Water Footprint

===EPD'
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not available )
productgallery&product=milk
Minimum value: 1120
Information http:/www.waterfoot- (american coffee)
COFFEE 140 0.125 liters not available print.org/?page=files/ Maximum value: 1133

productgallery&product=coffee

(express coffee)
Average value: 1127
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Cultivation of the
product until harvest -

Mekonnen, M. and A.Y. Hoekstra,
The Green, Blue and Grey Water

VEGETABLES | 325 1 kg di vegetables | includes the three water | Footprint of Crops, Hydrology and 325
footprints (blue, green Earth System Sciences Discussions
and gray water) editor, USA, 2011.
Information http:/www.waterfoot-
POTATOES 900 1 kg of potatoes . print.org/?page=files/ 900
not available
productgallery&product=potato
Cultivation of the Mekonnen, M. and A.Y. Hoekstra,
product until harvest - The Green, Blue and Grey Water
FRUIT 970 1 kg of fruit includes the three water | Footprint of Crops, Hydrology and 970
footprints (blue, green Earth System Sciences Discussions
and gray water) editor, USA, 2011.
Information http://www.waterfoot-
MILK 1000 1 liter of milk . print.org/?page=files/ 1000
not available .
productgallery&product=milk
Information http:/www.waterfoot-
YOGURT 1000 1 liter of yogurt . print.org/?page=files/ 1000
not available .
productgallery&product=milk
Information http:/www.waterfoot-
BREAD 1300 1 kg of bread . print.org/?page=files/ 1300
not available
productgallery&product=bread
) http:/www.waterfoot-
SUGAR 1500 1 kg of brown | Information print.org/?page=files/ 1500
sugar not available
productgallery&product=sugar
A Barilla EPD applied to dried pasta
Clricl)tdl\ﬁttli%: %];tfroeugvhfgf' made of durum wheat produced Minimum value: 1532
1 kg of dried guction of pasta t,ran— in ltaly and packaged in cardboard Maximum value: 2232
PASTA 1532-2232 | pasta made of <nort of ra\?v ma’terials boxes, Revision 2 - valid for 3 years | Average value (global):
durum wheat P after the approval, registration 1693
and the products to the ber SP-00217 Ld
distribution platforms NUrnoEr > - approval date
10/03/2011.
Cultivation of the Mekonnen, M. and A.Y. Hoekstra,
product until harvest - The Green, Blue and Grey Water
CEREALS 1645 1 kg of cereals includes the three water | Footprint of Crops, Hydrology and 1645
footprints (blue, green Earth System Sciences Discussions
and gray water) editor, USA, 2011.
) Barilla Center for Food & Nutrition
Field Phase (for the raw e '
BISCUITS 1800 1 kg of biscuits materials), preparation Double Pym”.”d- heatthy food for 1800
. people, sustainable for the planet,
of the dough and baking
2010.
Field Phase (for the raw | Barilla Center for Food & Nutrition,
materials), preparation Double Pyramid: healthy food for
SWEETS 3140 1 kg of sweetes of the dough and baking | people, sustainable for the planet, 3140
(home-made) 2010.
Information http:/www.waterfoot-
EGGS 3300 1 kg of eggs . print.org/?page=files/ 3300
not available
productgallery&product=eggs
Information http:/www.waterfoot-
RICE 3400 1 kg of rice . print.org/?page=files/ 3400
not available )
productgallery&product=rice
) http:/www.waterfoot-
POULTRY 1 kg of poultry Information : 5 e
MEAT 3900 heat not available print.org/?page=files/ 3900

productgallery&product=chicken




Cultivation of the
product until harvets -

Mekonnen, M. and A.Y. Hoekstra,
The Green, Blue and Grey Water

LEGUMES 4055 1 kg of legumes includes the three water | Footprint of Crops, Hydrology and 4055
footprints (blue, green Earth System Sciences Discussions
and gray water) editor, USA, 2011.
Information http:/www.waterfoot-
PORK 4800 1 kg of pork . print.org/?page=files/ 4900
not available
productgallery&product=pork
Barilla Center for Food & Nutrition,
OLIVE OIL 4900 1 liter of olive ol Cultivation qf OlIVES. and | Double Pyram/d.Hea/thy food for 4900
the production of oil people, sustainabe for the planet,
2010.
Information http://www.waterfoot-
CHEESE 5000 1 kg of cheese ; print.org/?page=files/ 5000
not available
productgallery&product=cheese
Cul‘givation of product Mekonnen, M. and A.Y. Hoekstra,
until harvest and further
SUNFLOWER processing and refining - The Green, Blue and Grey Water
6795 1 kg refined oil ; Footprint of Crops, Hydrology and 6795
SEED OIL includes the three water ; ) ;
footprints (blue, green Ea_rth System Sciences Discussions
. editor, USA, 2011.
and gray water)
Cultivation of the Mekonnen, M. and A.Y. Hoekstra,
WALNUTS 1 ka of walnuts product until harvets - The Green, Blue and Grey Water
AND 9065 andghazelnuts includes the three water | Footprint of Crops, Hydrology and 9065
HAZELNUTS footprints (blue, green Earth System Sciences Discussions
and gray water) editor, USA, 2011.
Information http://www.waterfoot-
BEEF 15,500 1 kg of beef not available print.org/?page=files/ 15,500

productgallery&product=beef
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Water Economy

THE WATER FOOTPRINT
OF AN INDIVIDUAL, A NATION,
A PRODUCT AND A COMPANY

he water footprint does not simply measure the amount of water used but also the

type of water consumed (green, blue and gray footprints).

This indicator can be calculated for every product or business and also for any well-
defined group of consumers (an individual, a family, the inhabitants of a city, a nation) or
producers (private companies, public organizations, economic sectors).

In particular:

- the water footprint of a product (physical good or service) is the total volume of the fresh-
water consumed to produce it, taking all the different stages of production into considera-
tion (this coincides with the concept of “virtual water” described in the previous chapter);

- the water footprint of an individual, a community or a nation is the total volume of fresh-
water consumed directly or indirectly (therefore, including the power required to pro-
duce the goods and the services used);

- the water footprint of an enterprise consists of the volume of freshwater consumed in the
normal course of business, together with that consumed by the various components of its

supply chain.

4.1.1 The water footprint of a country

“Problems related to water are often closely linked to the structure of the global economy.
Many countries have massively outsourced their water footprint, importing those goods
that require a large amount of water to be produced from other places. This puts pres-
sure on the water resources of exporting countries, where all too often there is a shortage
of mechanisms aimed at wise management and the conservation of resources. Not just
governments, but also consumers, businesses and every civilized community can make a
difference, so that we can achieve better water management.”

Trade between countries is not determined merely by a transfer of goods from one
place to another but also by the virtual water trade pertaining to the raw materials,
goods and services.

In order to measure the share of the global water used by a country, it is not sufficient to
count what is consumed in its territory; the water used to produce its imported goods and
services must also be taken into consideration.

The water footprint of a country is made up of two parts:

- internal water footprint, or the consumption of domestic water resources;

- external water footprint, or the consumption of water resources from other countries.



Therefore, to assess the water footprint of a country, the total consumption of internal re- THE GLOBAL WATER

sources should be calculated, then the virtual water trade that leaves the country through FOOTPRINT AMOUNTS TO 7452
BILLION M3 OF FRESHWATER
PER YEAR, MORE THAN TWICE

1243 m? . . h ice th 11l f the Missi THE ANNUAL FLOW OF THE
to m?> per capita per year (i.e. more than twice the annual flow of the Missis- MISSISSIPPI RIVER.

exports is subtracted and the virtual water trade entering it through imports is added.

The global water footprint amounts to 7452 billion m? of freshwater per year, equal

sippi River).

Considering the water footprint in absolute terms, the country that consumes the most
water is India (987 billion m?), followed by China (883) and the United States (696). The
top 10 countries account for 52.7% of the global water footprint (Figure 4.1).

Figure 4.1. Breakdown by country of the global water footprint

Indonesia 3.6%
‘ Brazil 3.1%

/ Pakistan 2.2%
/ Japan 2.0%

Mexico 1.9%
o Italy 1.8%

Russia 3.6%

hN

United States 9.3%
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China 11.9%

India 13.2%

Others 47.3%

Source: revised by The European House-Ambrosetti from Hoekstra and Chapagain,
Water Neutral: Reducing and Offsetting the Impacts of Water Footprints, 2008.



On the other hand, taking into account the per capita values, the citizens of the United
States have an average water footprint of 2483 m? of water per year, followed by the Italians

and the Thai.
As can be seen from the figure below, the citizens of countries such as China, Bangladesh,
South Africa and India record values that are significantly lower than those of the more

developed countries.

Figure 4.2. Contribution to the global water footprint of the largest consumers (m3per
capita/year)
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Source: Hoekstra, A.Y. and A.K. Chapagain, Globalization of Water: Sharing the Planet’s Freshwater Resources,
Blackwell Publishing, Oxford, UK, 2008.

Also in the next figure, which indicates those countries with a lower water footprint per
capita than the world average in shades of green and those whose footprint is higher than
average in shades of red, sharp differences appear in the consumption of global water re-

sources by the different countries.



Figure 4.3. Water footprint per country (m3/year)

WFP (m3/cap/yr)

Below average Above average

B s00-s0 I 1300 - 1500
I 500- 1000 I 1500 - 1800

I 1000 - 1200 B 1800 - 2100

1200 - 1300 B 2200- 2500 No data

Source: Hoekstra and Chapagain, Water Neutral: Reducing and Offsetting the Impacts of Water Footprints, 2008.

These differences depend on a number of factors. In particular, we can identify four
main ones:?

(D the volume of consumption, usually related to the gross national product (wealth)
of a country;

@ the pattern of consumption, especially with regard to dietary habits, which may be
oriented to more or less meat consumption (e.g., the average consumption of meat, per
capita, in the U.S. is 120 pounds per year, more than three times the world average) and
the use of industrial goods. The pattern of consumption is also generally related to the
wealth of the country;

(® climate, which mainly has effects on the rainfall, the transpiration of plants and the
amount of water needed for the crops;

O agricultural practices, particularly with regard to the efficiency of water use. For ex-
ample, in Thailand the yield of rice crops is around 2.5 tons per hectare, compared to a

world average of 3.9.
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EUROPE IS A NET IMPORTER
OF VIRTUAL WATER AND ITS
WATER SECURITY DEPENDS
HEAVILY ON EXTERNAL
RESOURCES.

The global water footprint is largely determined by the production of agricultural products
and food, followed by the production of industrial goods and the use of water for domestic
purposes. In addition to the sector responsible for water consumption, figure 47 also shows
the proportion consumed due to exports: 16% of the global water footprint comes from
making products for export.

The breakdown of the water footprint varies considerably from country to country, espe-
cially with reference to the external footprint. For example, Italy imports 51% of the virtual

water it consumes, whereas India imports just 1.5%.

Figure 4.4. Global water footprint contribution from the different categories of con-
sumption and the distinction between internal and external footprints

Agricultural Products 72.9% g‘i;smal Products

Domestic
Consumption 4.6%

Agricultural
Products 12.8%

Industrial
Products 3.2%

o Internal Water Footprint 83.9%
.+ . External Water Footprint 16.1%

Source: Hoekstra and Chapagain, Water Neutral: Reducing and Offsetting the Impacts of Water Footprints, 2008.

India — as well as China (see “virtual water trade in China” in the following pages) — is,
therefore, still largely self-sufficient in terms of water, but with the growing demand for
food and the scarcity of water within these two large developing countries, an increase in
food imports is expected, and thus, a growing demand for water from other countries. This
could lead to problematic situations in terms of water supply problems.

In Europe, however, France is the only net exporter of virtual water. All the other countries
are importers. This means that, overall, Europe is a net importer of virtual water and its

water security depends heavily on external resources.
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4.2 VIRTUAL WATER TRADE

oday, the international trade in agricultural products does not take the water

component included in the exchange into consideration in any way. Suffice it to

say that of the top 10 exporters of wheat, three are characterized by severe water

shortages, while of the top 10 importing countries, three have high water availability.?

THE LEVEL OF The level of interdependence among countries in the exchange of virtual water is rath-

INTERDEPENDENCE AMONG  er critical and is bound to increase in the future, given the ongoing process of the lib-
COUNTRIES IS BOUND TO  eralization of international trade.

INCREASE IN THE FUTURE, 1 ¢ regard, the following figure shows the complexity of the virtual water flows
GIVEN THE ONGOING PROCESS

g

=}

5

=

£

= OF THE LIBERALIZATION OF

@ INTERNATIONAL TRADE.  (shades of red) and net exporters (shades of green) of virtual water.

The “globalization of water use” creates both economic and environmental benefits

related to trade in agricultural products between countries and identifies the amounts

and risks.

Figure 4.5. The virtual water flows between countries related to trade in agricul-
tural products (Gm3/yr)
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Oceania
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Source: Hoekstra and Chapagain, Water Neutral: Reducing and Offsetting the Impacts of Water Footprints, 2008.



The virtual water flows in China

Since 1980, rapid economic deve-
lopment and population growth in Chi-
na has led to a sharp increase in the
demand for water, which presumably
could affect the food security of the
country and limit its economic and so-
cial development in the future.

In the period 1997-2001, the average
water footprint of China was about 700
cubic meters per person per year, of which
only 7% was virtual water imported from
abroad, thus highlighting how the country
still possesses a relatively high availability
of water for self-sufficiency.

The situation, however is very different
within China itself.

In particular, the North faces a serious
problem of water scarcity, as more than
40% of the annual renewable water re-

sources are used for domestic use, while
nearly 10% of the water used in agricul-
ture is utilized for the production of food
exported to the South.

For this reason, in 1999, southern China
was a net importer of agricultural pro-
ducts from the North, amounting to 52
billion cubic meters of virtual water.

To compensate for this “flow of virtual wa-
ter” from the North to the South of the
country and to reduce the water scarcity
in the northern part, a project to transfer
water from the South to the North has
been implemented (the South-North Wa-
ter Transfer Project), thus creating flows
consisting of huge volumes of water tran-
sferred from the rich South to the arid
North, resulting in considerable volumes of
food being moved in the opposite direction.

Figure 4.6. Virtual water trade in China in 1999
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4.2.1 Economic and environmental benefits

One benefit deriving from the growing liberalization of international trade is the possi-
bility of considering virtual water as an alternative water source. It is, therefore, a true
instrument of government as to the availability of water resources from each country.
In fact, in an economy that is increasingly open to trade, the countries suffering from
scarcity of water resources in their territory may reduce that pressure by importing
goods with a high virtual water content from countries where this resource is more
abundant, and exporting products with a lower virtual water content.

International trade of virtual water also allows for savings in the volume of water con-
sumed when a product is exported from a country with high productivity of water
resources (for that particular product) to another with a low productivity. For example,
in the case of import-export relations between the U.S. and Mexico (figure 4.7), there
is an optimization of water use, thanks to greater efficiency in the production of wheat,
corn and sorghum found in the U.S., as compared to Mexico.

The commodities produced in the U.S. and exported to Mexico, in fact, have a much
lower virtual water content (7.1 million cubic meters) than that which Mexico would
consume by cultivating this product directly in its territory (15.6 million cubic me-
ters). In the interests of global water resources, the net savings amounted to 8.5

million cubic meters.

Figure 4.7. Global Virtual Water Savings in the trade of wheat, corn and sorghum
between the U.S. and Mexico

Commodities of wheat,
corn and sorghum

Net Savings of Virtual
Water 8.5 million m?

USA Mexico

Volume of saved Volume of consumed
virtual water: virtual water:

7.1 million m3 15.6 million m?

Source: Chapagain, A.K. and AY. Hoekstra, The Global Component of Freshwater Demand and Supply:
An Assessment of Virtual Water Flows between Nations as a Result of Trade in Agricultural and Industrial Products,
in “Water International”, vol. xxxii, n. 1, March 2008, pp. 19-32.

4.2.2 The risk of water “colonialism”

The greatest risk generated by the globalization of water use is the fact that the importa-
tion of products with high virtual water content implies the outsourcing of indirect ef-
fects of the exploitation of this resource by the importing country on that of the exporter.
Since in many countries the water used in agriculture has a price that is far lower than its
real value, the costs associated with the consumption of water by the exporting country
are generally not fully reflected in the price of the products consumed in the importing

country. This factor can lead to a situation of imbalance in terms of efficiency and equity



in trade and, more specifically, imbalances in the water system of the exporting countries.
For example, the figure below represents a map of the impact of the external water foot-
print of Holland: in the figure it is shown the water consumption in different countries
around the world relating to the consumption of agricultural products by the citizens of
the Netherlands. It is highlighted so as to show the countries where the external water
footprint of the Netherlands (and the products associated with it) generates a relatively

high social and environmental impact.

Figure 4.8. Map of the impact of the external water footprint of Holland

.

“om3 B Thape
e S G

External water footprint Main categories of products:
for agricultural products
[mo-10 ' Fruits, nuts and wine
[T 10-100 ﬁ QOilseeds and oil from oilseed crops
. 100 - 1000 T' Coffee, tea, chocolate and tobacco
. > 1000 H Animals and animal products
Hotspots 1 Cotton products

Source: Hoekstra and Chapagain, Water Neutral: Reducing and Offsetting the Impacts of Water Footprints, 2008.

THE COUNTRIES THAT
IMPORT PRODUCTS WITH
A HIGH VIRTUAL WATER
CONTENT OUTSOURCE
THE EFFECTS OF THE
EXPLOITATION OF THIS
RESOURCE OUTSIDE
THEIR TERRITORY.
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Water Economy

This suggests that the consumption of certain agricultural products from Holland poses
a threat to the balance of the water systems of other countries (Mexico, South Africa,
Sudan, Spain, Turkey, India, China, etc.) from which the Netherlands imports such prod-
ucts, due to the conditions of stress and water scarcity in these areas.

This phenomenon is referred to as “water colonialism” because it can be interpreted as a
new form of domination by rich countries to the detriment of poorer ones which, driven
by the demand for goods from abroad, are likely to exhaust their water reserves.

For some countries that import products with a high content of virtual water, a second
element of risk is represented by an excessive dependence on the water resources of
other nations.

For example, Jordan already imports a volume of virtual water which is five times greater
than its internal renewable water resources. On the one hand, if this imbalance allows
the country to protect its water resources and reduce the risk of unsustainable exploi-
tation of the same, on the other, it exposes it to the risk of excessive dependence on
countries abroad. Other countries in the area (such as Kuwait, Qatar, Bahrain, Oman
and Israel), as well as some European countries (UK, Belgium, Holland, Germany, Swit-
zerland, Denmark, Italy and Malta), are currently importing a volume of virtual water
greater than that drawn from their own internal resources.

In the end, the risks mentioned imply other serious effects. Water as a strategic objec-
tive is, in fact, at the origin of conflicts between States, because in the absence of inter-
national legislation regulating the management of shared waters, the conflicts between
countries are more and more often resolved through the use of force, especially in areas
with scarce water resources.

Reservoirs shared by several countries account for almost half of the Earth’s surface, and
involve 145 nations. At least 19 reservoirs are shared by more than five of these nations.
There are currently 263 river basins that are shared and two-fifths of the world’s popula-

tion lives near them.



.




Water Economy

Rivalry in the sharing of water may arise both due to the competition for the various
uses of water (domestic, industrial, agricultural) and among countries for the use of a
common body of water that crosses the borders.

The countries that share the same water source are deeply interconnected since they
face the division of a limited resource that is often crucial to sustaining their liveli-
hood, their economic growth and their environment.

This implies the need to individuate sharing strategies and the partition of a common
resource and, where possible, to promote an approach of integrated water resources
management.

The various countries involved should facilitate the

exchange of resources and services in a way that is

beneficial to all of them, such as exchanging hydro-

electric power (economically more profitable in the

higher mountainous and steep regions) with agricul-

tural products (since irrigation produces the best re-

sults in the plains and valleys).

The creation of synergies for the benefit of all coun-

tries involved is included in the recommendations

of the United Nations Development Programme

(UNDP), which in the 2006 Human Development Re-

port* affirmed that the management of shared water

can be regarded as an asset for either peace or for con-

flict, even if it is up to the politicians to decide which

of these two paths is to be taken.

UNDP, Human Development Report - Beyond Scarcity:
Power, Poverty and the Global Water Crisis, 2006.



Water as a source of conflict

Israel, the Palestinian
territories and the
Jordan river

To further fuel the harshness of the Israe-
li-Palestinian conflict, in an area suffering
from a severe water scarcity, a “water war”
is being fought for the management of
available resources.

The situation is most serious in the Gaza
Strip, where water availability is only 320
cubic meters per person per year (consi-
derably below the water scarcity threshold
of 1000 cubic meters per person per year).
In addition to the problem of the shortage
of rainfall, there are the effects of the une-
gual sharing of water resources between
the State of Israel and the occupied territo-
ries, confirmed by the fact that, even thou-
gh the Israeli population is less than twice
that of the Palestinian population, their wa-
ter consumption is equal to seven times the
amount consumed by the Palestinians.

The issue of water management played a
significant role in the Middle East conflict,
interwoven with competition for control of
the territory. One of the motives that trig-
gered the 1967 Six-Day War was, in fact,
an attempt by Jordan to divert the flow of
the Jordan river.

The outcome of the war, with the occu-
pation of the West Bank and the Golan
Heights, has allowed the Israelis to con-
trol the groundwater resources of the area
- which are critical to the agricultural and
economic development of the region - and
to receive two-thirds of their water from the
territories they conguered in that conflict.
The water control strategy implemented by
the Israelis is not just based on the physi-
cal occupation of the territories, but also on

a limitation of the

Palestinians’  con-

sumption: restric-

tions were decided

by orders of the

military, prohibi-

ting Palestinians

from building Wars (documentary film
or owning a %Sg)m Bozzo, 90’ USA,
water system without permis-

sion from the Israeli military. Limits have

been placed, such as the one requiring that

wells dug by Palestinians not exceed 140

feet in depth, as opposed to the 800 me-

ters of Israeli wells; water quotas were set;

and the wells and water sources of absent

Palestinians were expropriated.

Blue Gold World Water
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Figure 4.9. Israel
and the Palestinian
territories
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Turkey, Iran, Iraq and
Syria and the basins
of the Tigris and

Euphrates rivers

For many years, there has been great ten-
sion - between Turkey, on the one hand and
Iran, Irag and Syria on the other - regarding
the basins of the Tigris and Euphrates rivers.
The tension was triggered by Turkey's de-
cision to promote the “Great Anatolian
Project,” a regional development plan of
southeastern Anatolia, which involves the
construction of a system of dams to impro-
ve irrigation and produce electricity. In par-
ticular, it consists of 13 integrated projects
(6 on the Tigris and 7 on the Euphrates)
focusing on the construction of 22 reser-
voirs capable of gathering 60 cubic km of
water, 19 power plants and the irrigation of
1.7 million hectares.

Through these interventions, Turkey will
be able to control the outflow of the two
Mesopotamian rivers in Syria and Iraq,
placing these two countries in a situation
of dependency.

A

Figure 4.10. The Tigris and Euphrates wa-
ter basin

The area is also inhabited by Kurds, who
will see part of their land flooded.

The project was strongly opposed by both
lrag and Syria, and despite the fact that the
Turkish government has guaranteed them
a certain amount of water, the water issue
remains a matter of political tension betwe-
en the three countries.

India: internal conflicts
between its regions

Conflicts over water resources may also
regard regions within the same country.
Looking at India, for example, we can see
how the major rivers (Ganges, Narmada,
Yamuna, Sutlej, Mahanadi, Krishna and Ka-
veri) have long been the subject of violent
demonstrations in cities and rural villages,
as well as legal disputes between regions
and the central government in order to
reach an agreement on the allocation of
water availability for the regions involved.
Ever since the independence of India, the
Kaveri river, in particular, has become a
major reason for conflict between the re-
gions of Tamil Nadu and Karmataka. When
the extension expired for the irrigation ge-
nerated by the dam which had been built by
mutual agreement in 1974, these regions
became the protagonists of fierce clashes
which also involved the respective associa-
tions of farmers.

After several appeals to the Supreme Court,
in 1991, the final outcome, which focused
on the region of Tamil Nadu, generated
such rage and discontent that unrest broke
out in Karnatakas capital, resulting in as-
saults, looting and arson against ¢ families
and triggering, within a few days, retaliation
in the region of Tamil Nadu.
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Water Economy

THE PRIVATIZATION OF WATER

he expression “privatization of water” can be referred to three different areas:
+ private property rights on water resources, while allowing its free sale;
* private sector involvement in the management of water services;

+ the involvement of the private sector in financing infrastructures and services.

5.1.1 Private property rights on water resources

The first meaning that the term “privatization” may take on in reference to water resourc-
es is that of the definition of private property rights on these resources, while allowing
the free sale of water.

This situation, although present in some developing countries, is far from the European
experience. In particular, our institutional system has always been based, not on the pub-
lic ownership of the resources, but on the regulation of the use of a common property
resource and, as such, an inalienable right. The user, therefore, does not “buy the water,”
but acquires the right to use it.

The State, rather than the owner, is the guarantor of the general interest: it cannot sell an
asset that it does not own; rather, it can only regulate by whom and how that asset can be
used, and resolve any disputes.

In Europe, therefore, water is safely in the hands of the community. What has been under
discussion is the introduction of an economic logic in planning interventions and alloca-
tion of rights to its use, so that the public money needed to fund major water works is
destined elsewhere.

Thus, the notion of “whoever uses pays” is not a way to privatize the water resource,
but to more strongly assert that it is of a public nature, ensuring that whoever uses
it then returns to the community the value of what has been appropriated for their
specific interests.

Equally indisputable is also the fact that water is an essential public service which cor-
responds to the right of citizens to receive it, and it is the State’s duty to ensure that
everyone can use it in an appropriate manner, paying a fair price.

This principle has not always been formalized, especially where the public actors were
focused on water services, but it remains valid everywhere and particularly in countries
where significant advances have been made towards involving the private sector: for ex-
ample, in England, France and, more generally, the European Union, where water ser-

vices have been given the status of services of general economic interest.



Water and oil: points in common and differences

Its growing value as a scarce resource
and concerns about quality, qguantity and
accessibility have turned water into a vital
strategic asset: a good as rare and pre-
cious as oil. However, there are profound
differences between the two resources;

- Water and oil are both critical resources
for global economic development
and sources of potential competitive
advantages, as well as conflicts.

- Oil is a consumable and non-recycla-
ble resource; water is a consumable
resource, but it is renewable.

- Oil is a private good; water is often

considered a public good.

- Qil is a commodity, whereas the UN
has declared that access to water is a
human right.

- Qil has a system of protection of well-
defined property rights; instead, pro-
perty rights regarding water, where
present, are legally variable.

- The price of oil is defined by expecta-
tions on the supply and demand; the
price of water is established artificially.

- Oil is a source of energy for which al-
ternatives exist; but there are no sub-
stitutes for water.
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5.1.2 The involvement of the private sector in water services management

The second meaning of privatization of water refers to the involvement of the private sec-

tor, through various contractual arrangements and in different forms, in the management

of water services, notwithstanding the fact that water belongs to the community and access
to basic services is a primary public interest.

There are three different management models:

- Territorial monopoly: annuity that is privatized and regulated, applied in the United King-
dom, and which is based on the actual transfer of ownership of the entire infrastructure
and the control of water into the hands of private operators.

- In this model, an enterprise has a monopoly on the water service in a specific area and the
properties of networks, while the appropriate authority regulates the environmental and
quality standards, the obligations of public service and any penalties and fees.

- Public ownership is with private individuals who are entrusted with temporary custody
through the procurement system, as in France.

- In this model, the responsibility for service provision and ownership of the plant is held by
the public entity that entrusts the concession to private companies, which do not become
the owners of the network but only are responsible for its management and the distribu-
tion of water. In return, they collect all the bills, determine the price and eventually make
a profit.

- Public ownership and governance, such as in Italy and Germany, with the acquisition from
the market of the resources necessary for service delivery.

- This model provides for the procurement of network management and the distribution of
water to a private company that is paid directly by the State under the terms of a contract
establishing the rates. The private company can take many forms, from a joint-stock com-

pany with public shareholders, to municipal companies and institutions of public law.

5.1.2.1 Management models of private sector involvement in Europe

Before 1980, in Europe — with the exception of France and some private water supply in
Britain and Spain — water was primarily owned and operated by public bodies.

Even today, 70% of Europeans are drinking water distributed by public operators or tho-
se with a majority of public shareholding, thus highlighting the presence of a very large
potential market for private companies to manage water resources.

Thatcher’s privatization

In Britain, starting in 1989, the government of Margaret Thatcher decided to sell the country’s
water infrastructures to the private sector, thereby giving a strong impetus to privatization.
Before the sale (on extremely favorable terms) to the private sector — including Suez — of
the 10 regional bodies that dealt with water, the government extinguished all debts of the
water bodies, totaling more than five billion pounds, giving them an incentive payment
of 1.6 billion pounds.

Although, according to the Prime Minister, this assignment was meant to help consu-
mers, in early 1994, two million British families could not pay their bills, which had
become too expensive; at the same time, company profits had grown by 147%.

In an attempt to bring order to an open market by now without any rules, it was necessary
to establish a supervisory authority (Office of Water Services — Ofwat), which is mainly

responsible for the regulation of tariffs for access to water resources.



80% of the French market' of water is held, instead, by the “oligopoly” of only three com-
panies (Veolia Water, Suez Lyonnaise des Eaux and Saur), which provides water to half of
the French towns and, specifically, 70% of the inhabitants of the country. The remaining
20% of the market, still in public hands, involves various large municipalities (including
Amiens, Limoges, Nancy, Nantes, Reims, Strasbourg, Tours) and “water agencies,” authori-

ties on water at the regional level, branched out over the territory.

Veolia Water, serving more than 23 million people in France, covers 40% of the privati-
zed world market, and together with Suez Lyonnaise des Eaux, “quenches” the thirst of
240 million people spread across all the continents.

Instead, Saur has won over the French countryside and 7000 towns — France has 36,000 —,
totaling about six million inhabitants.

A 1999 survey conducted in France showed that the water distributed by private opera-
tors under the concession contract in use cost an average of 13% more than the water
managed by the municipal service.

Having saturated the internal market over the past ten years, the three French companies
mentioned have focused on winning the international market, where drinking water is
still almost entirely in public hands.

The French Alpine town of Grenoble is the only case of re-municipalization of the ma-
nagement company in France. After over 12 years of management delegated to a priva-
te company, with embezzlement, illegal financing and strong price increases, in 2001 a
campaign by a local civil movement led to a change in the city majority and the re-mu-
nicipalization of the company in a legal form that would guarantee a certain autonomy
from the City Council. The prices of water supplied were stabilized, despite a significant

increase in the investments.
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COUNTRIES
WHERE GOVERNANCE
IS ENSHRINED IN LAW

Figure 5.1. The increasing quotas of Veolia Water, Suez Lyonnaise des Eaux and Saur
in the French water market
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Source: Casarano, V., Lacqua come il petrolio? Ovvero: sard anchessa fonte di conflitti?, Schena Editore, Fasano 2009.

In most of Germany, the management of drinking water is entrusted to municipal limited
companies (Stadtwerke).

In particular, in Munich the drinking water is distributed by the Stadtwerke Miinchen
(SWM), a municipal company responsible not only for water but also for natural gas,
electricity, swimming pools and public transportation. This has enabled it to develop
mechanisms for financing the different services it manages. The efficiency of the com-
pany is considered exemplary: the quality of the drinking water is high and the prices
are among the lowest in Germany. This company enjoys autonomy from the city council,
which exercises control only indirectly.

Instead, in Berlin, where the water service has been entirely entrusted to Veolia Water, the
cost of one cubic meter of water is more than four Euros, among the highest in Germany.
In other countries, however, governance is enshrined in law.

In Switzerland, the Constitution expressly provides that water management is the
sole responsibility of public companies, declaring that water resources are a “mo-
nopoly” of the State.

Belgium adopted a law under which all the taps are operated by an in-house S.p.A., or a
company whose shares are all in the hands of the municipalities. In particular, in Brus-
sels, the water service is managed by the public company Vivaqua.

In the Netherlands, in 2005 a law came into force under which only corporations with
public capital are allowed to provide services related to drinking water. Consequently,
the privatization of water is not possible and all the drinking water companies in the
country are controlled by regional and local administrations.

Nevertheless, large public corporations such as Vitens and Evides are for the most part
structured and operated as successful private companies, with their focus on profits, a

system of delegated management and outsourcing.



The cost of water in the world

Considering the cost of water in different
European cities, it is easy to identify an in-
verse relationship between the cost of wa-
ter resources and their consumption.

In fact, Italy is the country with rates for
the use of water resources that are among
the lowest in Europe (fig. 5.2), but with the
highest consumption.

In fact, Italians have little knowledge of the
value of water resources and end up wa-
sting water, unlike the Germans, who, sin-
ce they spend seven times more for wa-
ter, adopt more sustainable consumption
habits, such as watering the garden and
washing the car with non-drinkable water.
Going into detail, in Berlin (where water
costs euro 4.30 per 1000 liters) citizens
have a per capita consumption of 117
liters per day, while in Rome or in Turin
(where the rate varies between 0.78 and

0.81 Euros to the m3) they will exceed 220
liters per person per day.

At the international level, even outside Eu-
rope, there are few cities where the price
of water is below the ltalian national ave-
rage.

Only Buenos Aires (0.17 Euro/m3), San
Paolo (0.68 Euro/m3), Athens, Hong Kong,
Miami and a few other big cities have re-
corded rates of integrated water services
(drinking water, sewer and water tre-
atment) comparable with the [talian ones.

Differences are not lacking among lta-
lian cities, in which, according to the ge-
ographical characteristics of the land and
investments, there are deviations from the
average rate, starting from a minimum of
0.49 per m3 in Lombardy up to a maxi-
mum of euro 1.37 per m3 in Tuscany (with
a further polarization within each region).

Figure 5.2. The cost of water in different European cities

Italy (Rome)

Norway (Oslo)
Poland (Warsaw)
Finland (Helsinki)
Sweden (Stockholm)
Spain (Madrid)
Greece (Athens)
France (Paris)
Portugal (Lisbon)
Great Britain (London)
Austria (Vienna)
Belgium (Brussels)
Luxembourg

Denmark (Copenhagen)

The Netherlands (The Hague)

Germany (Berlin)

o

50 100

150 200

[\]
o
o

300 350 Euro

Source: European
Environmental Agency

@ Awouody 193epM



Water Economy

5.1.3 The involvement of the private sector in financing infrastruc-
tures and services

The third meaning of privatization of water refers to the involvement of the private
sector in financing infrastructures and services.

Especially in recent decades, the traditional channels of public finance are no longer
sufficient to guarantee the necessary capital or are too influenced by policy choices to
meet the criteria of economic rationality. For this reason, all operators, whether public
or private, have sought access to financial markets.

The involvement of private capital in financing infrastructures and water services also
involves the identification of procedures for reimbursement and remuneration, with
criteria that may be in line with their risk profiles and the profitability expected by the
investor. In this case, the value of the charge applied becomes the factor of evaluation.
Thus, developed countries have gone from financial intervention aimed at the creation
and development of basic infrastructures that are exclusively public to gradually ope-
ning up to private capital.

In developing countries, private capital has entered in many cases, including the finan-
cing for the development of these same basic infrastructures.

From this point of view, the role of the World Bank and the International Monetary
Fund is important: on the basis of some important reports such as the “Camdessus Re-
port” (World Water Council, Financing Water for All, 2003), these international bodies
have been increasingly promoting the liberalization and privatization of water services,
supporting the conclusion of partnership agreements between public and private bo-

dies (management models that are known as PPP — Public Private Partnership).

Michael & Patricia Fogden/ Minden Pictures/National Geographic Image Collection



RISKS AND BENEFITS

he privatization of water, in all the forms mentioned, brings both benefits and risks
with it, as evidenced by several incidents over time, in which private companies
have been the protagonists.
Often, behind the granting by some municipalities of water management contracts to pri-
vate companies there is the belief that the private sector is more efficient than the public
sector in optimizing the management of water distribution. In addition, the awarding of
these private contracts allows for a sharing of the cost of the aqueduct network maintenan-
ce, against the sale of the profits.
The anticipated better management guaranteed by private companies can potentially ratio-
nalize costs and result in a consequent reduction in charges to users.
Often, however, against the benefits, the privatization of water resources can pose risks.
Some episodes have shown that privatization of water resources, instead of the planned
reduction, has led to very substantial increases in charges.
For example, in France in 1999, the water distributed by private operators under con-
cession contract of use was on average 13% more expensive than water managed by the
municipal service.
Instead, in Bolivia, privatizing the management of the network has led to increases in the
price of water, equal to 600%, which in poorer neighborhoods resulted in an increase in the
monthly bill (from 5 to 17 U.S. dollars) of about 20% of the average salary (in this regard,
see the in-depth box).
Added to this is the fact that the rationalization of costs in some cases is implemented by
resorting to the dismissal of some staff (even if qualified), leading to malfunctions in the
network management.
In some cases, the granting of water management to private operators has concerned the
breach of the same of its obligations towards the development of the water supply, especial-
ly to the poorer neighborhoods.
For example, in Argentina, the privatization of the water supply and disposal of wastewater
has not been accompanied by low-income families’ connection to the water supply on the
part of the private management enterprises. This has forced the Argentine government,
despite the privatization, to subsidize the cost of that connection with public funds.
Often, the privatization of water is the result of pressure from financial institutions (e.g., the
World Bank), which promote water management by the private sector as likely to be able to
introduce efficiency, growth and greater value for society, with respect to the public sector.
However, the fact that private companies should be accountable for their choices before

their shareholders, whose criteria for evaluating policies is their share revenues, requires a
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reflection on the validity of this instrument for the management of water resources, espe-
cially in relation to the lack of an incisive and effective control by the public.

If on the one hand, the public bodies may not be able to properly handle a privatized service
in which capital investments are very important, on the other, there have been many cases
of inefficient management of public companies.

If the water is a good for all, only an efficient system of democratic control can provide ade-
quate warranty to address risks arising from an ineffective management of water resources,

be it public or “privatized.”



The losses in ltalian public water systems

Every year in lItaly, about 7.8 billion m3
of water are put into circulation, but just
over 5.4 million arrive at destination. The
rest “evaporates” because of physical los-
ses (and illegal withdrawals).2

The data is most relevant in the southern
regions and islands, where the losses
exceed 37.4% - compared to 23.4% in the
Northwest and 26.7% in the Northeast
- with clamorous peaks in Puglia, whe-
re 50.3% of the water does not reach the

household taps, a figure far worse than
that of Sardinia (43.2% loss), Abruzzo
(40.9%) and Campania (36.8%).

Although the ltalian situation is very se-
rious, even in other major European
countries the level of wasted water due
to a “sieve” infrastructure appears to be
very high: for example, in France losses
are 26%, while in Britain and Spain, about
22% of the water put into the system is
lost, compared to just 6.8% in Germany.

Figure 5.3. Comparison of losses in water systems in some European countries
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Italy France
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Source: Co.N. Vi.R.I - Commissione Nazionale di Vigilanza sulle Risorse Idriche,

2010 data; Legambiente, Lenergia idrica in Italia, 2007.
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Privatization and the mobilization of civil society

The occurrence of the risks and the con-
sequences that the privatization of water
resources brings with it (for example, in-
creased tariffs, reduced accessibility to safe
drinking water, etc.), has on many occa-
sions been accompanied by major episo-
des of the mobilization of consumers, who
have protested against this water mana-
gement tool.

From Bolivia to Germany to ltaly, albeit
with different forms, citizens have raised
their voices against the privatization.

The struggle for water in
Cochabamba (Bolivia

In January of 2000 in Cochabamba, Boli-
via, there arose the greatest movement in
history against the privatization of water
which, with the support of institutions like
the World Bank and International Mone-
tary Fund, intended to facilitate the entry
of major multinationals in the manage-
ment of water services.

The protagonist of this privatization pro-
cess was the U.S. multinational Bechtel
Corporation, in collaboration with the Ita-
lian company Edison, under the supervi-
sion of the World Bank.

The project, which included privatization
and the provision of all water in the city
by the company Aguas de Tunari, owned
by Bechtel, brought the tariffs for drinking
water to levels that caused about 50% of
the population to be effectively excluded
from access to water services.

When the population found that even the
chance to collect rainwater was denied,
it rose in a vigorous protest movement
against the government measures and
multinational water companies.
Organized into a “coordinated defense of
water and life,” the movement managed
to bring together profoundly different so-
cial sectors, historically in conflict - far-
mers and laborers of the province joined
the inhabitants of the city - showing how
the battle for water had become more
important than the internal differences.
In 2001, during the “water revolution” in
Cochabamba, hundreds of people were
injured and five children were killed du-
ring a bloody crackdown by the army,
which was called in to quell protests by
demonstrators.

After six days of protests and battles, the
government had to cancel the manage-
ment contract and repeal the provision
that privatized the distribution of water
services, while Bechtel was forced to lea-
ve the country, renouncing the compen-
sation asked of the State for a loss of a
$25 million profit.



Berlins “no” to the
privatization of water
resources

At the referendum on February 13, 2011,
665,713 inhabitants of Berlin representing
27% of the voters, approved a bill that re-
quired all agreements relating to the partial
privatization of water to be published, agre-
ements that since 1999, have guaranteed
high profits to RWE and Veolia, the holders
of 49.9% of the municipal water services
(Berliner Wasserbetriebe).

In this way, the citizens of Berlin have cle-
arly expressed their desire to return to a
public management of their water service,
since after 1999, water prices have incre-
ased by 35%, ranking among the highest of
any German city.

In order for the referendum to succeed, the
regional regulation required that at least
one quarter of the electorate voted - thus,
615,571 people had to be convinced - but
the supporters of the proposal were 50,000
more than that figure, and therefore nume-
rous enough for it to be confirmed for the
first time in a national referendum in Berlin.
The result achieved, thus, contradicted the
initial expectations, as well as the media and
political parties, which had greatly undere-
stimated the outcome of the referendum.

The mobilization of Italian
civil society

In Italy, the management of the water sup-
ply is regulated by the Galli Law (Law #
36/1994, “Regulations on water”), which
in the text of the law refers to an “integra-
ted” water service, which includes sewer
and water purification.

The aim of the law was to reduce the
excessive fragmentation of managerial
subjects (7826 in the mid-nineties, inclu-
ding waterworks, sewers and treatment
plants).

More than 15 years after the adoption
of the law, the commitment of the single
operators has been completed in 57 Opti-

mal Territorial Areas (91 have been identi-
fied by the Italian regions): 44 have chosen
joint venture Public Private Partnerships
or those of totally private capital; instead,
only 13 have decided to entrust manage-
ment directly, without bidding, to a public
limited company wholly controlled by local
authorities.

Since 2000, ltalian civil society has mobili-
zed against the Galli Law.

Between 2005 and 2006, fifty subjects
(associations, unions, committees) gave
rise, instead, to the ltalian Forum of Wa-
ter Movements, which has collected over
400,000 signatures for a popular law in
favor of making the water service public
again.

Aprilia, a town of 70,000 inhabitants in
the Lazio region, has become the symbol
of the struggle against the privatization of
water resources in ltaly. Over 5000 peo-
ple chose to send their water bills back to
the sender; i.e. Acqualatina, which has ma-
naged the integrated water service since
2002, tripling its rates but without making
the necessary investments to improve ser-
vice and reduce losses.

The law of popular initiative, which be-
gan debate in parliament on January 22,
2009, provides that operators of water
services are only public bodies (companies
and special groups) and disciplines the
modalities of participation of the workers
and local communities in decision-making.
The text drafted by the Italian Forum of
Water Movements states that investments
need also be covered by the State, using
general taxation, and not only by the
companies, that they be financed by the
bills paid by the citizens (the Galli Law
provides that “the tariff is determined to
ensure full coverage of investment and
operating costs”).

On March 26, 2011, the Committee for Two
Yes for public water and the Italian Forum
of Water Movements launched a national
demonstration in Rome, which brought to-
gether more than 300,000 people, urging
citizens to vote in the referendums against
water privatization on June 12-13.
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World Water Contract

To defend water as an inalienable right of
man, in 1998 a group of intellectuals from
different countries®, under the initiative of
Riccardo Petrella (President of the IERPE
- Institut Européen de Recherche sur la
Politique de I'Eau), established the Inter-
national Committee for the Promotion of a
“World Water Contract.”

This committee, chaired by Mario Soares
(former President of the Republic of Por-
tugal) and composed of 20 experts, draf-
ted an “International Water Manifesto,”
aiming the Committee’s work toward the
recognition of water as a human and social
right (a goal reached in July 2010) and a
common good of humanity.
In order to further reinforce its measures,
the committee launched a “network stra-
tegy,” establishing national committees in
many countries. ltaly has one, too - as
does France, Belgium, Switzerland, Cana-
da, Brazil and the US. -, that
is based in Milan.
-In the absence of a “world

water policy” and facing

the prevalence of strongly

nationalistic policies and

practices of the delegation

of water management to

private parties, the wa-

ter contract, therefore,

proposes the following

priorities:
- the creation of a “World

Water Law,” as well as

a “global treaty” to le-

galize water as a vital asset, common to

all mankind;
-the promotion of policies to avoid con-

flicts over access to and the use of water;

-the promotion of democratic forms of
local community management of water,
resisting privatization.

The World Water Contract, in addition, po-

ses three specific objectives:

-guarantee access to water for the 600
cities in the South of the world, which
in 2020, will have more than one million
inhabitants;

-reduce the number of people without
water, and prevent that number from
reaching 3.2 billion by 2020;

-avoid the destruction and deterioration
of water, which is essential for life in the
eco-system on Earth.



1. The quota held by Veolia Water, Suez Lyonnaise des Eaux and Saur in the French water market
was 31% in 1954, 60% in 1980 and 75% in 1991.

2. Data from the Supervisory Board on Water and Waste.

3. Including: Mikhail Gorbachev (president of the World Political Forum and Green Cross Inter-
national), Mario Soares (former President of the Republic of Portugal), Guy Laliberté (founder of
Cirque du Soleil and the Canadian foundation One Drop), Marind da Silva (senator, former Minister
for the Environment for the government of Brazil), Riccardo Petrella (president of the IERPE -
Institut Européen de Recherche sur la Politique de ['Eau), Danielle Mitterrand (president of the
France and Freedom Foundation), Vandana Shiva (president of the Indian Research Foundation for
Science, Technology and Natural Resources).
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RECOMMENDATIONS:
AREAS OF INTERVENTION

This document has set itself the goal of increasing the level of attention and awareness
regarding water, highlighting the main problems associated with its use. This last chapter
features a compilation of the main recommendations that the Barilla Center for Food &

Nutrition deems relevant.

6.1 Models and tools to help a real “integrated” management of water

Implement an integrated approach — a view of water economy — which takes into account
all the variables that affect the availability and quality of water resources.

The measures put in place that are outside the boundaries traditionally assigned to the ma-
nagement of water resources are now able to significantly influence how water is used and
allocated. The recent UNESCO report (Water in a Changing World, 2009) points out that the
decisions taken by actors outside the water sector have a lot of weight in the conservation
of global water resources.

This does not mean that the objectives of increasing the volume of water supplied, reducing
losses and increasing overall efficiency of water management systems are any less relevant.
It requires that the governments of the countries be aware of the breadth of the challenge
and work in reference to management models that take into account all the elements that

make up the complex system of water economy.

6.2 Practices, know-how and technology for increasing water produc-
tivity (more crop per drop) and the reduction of waste

Break the correlation (now very strong) between economic development, population
growth and the consequent increase in the levels of water consumption.

Without action to reduce the use of water resources relating to production processes and
cultivation, the risk of environmental imbalance in the near future is high, with catastro-
phic consequences for the planet and people.

This means reducing waste (and there is still much to do) and the use of technology to make
water resources more productive (and thereby obtain quantitatively the most significant
output for the same input: the so-called more crop per drop).

The introduction of forms of incentives to invest in technologies which are already avai-

lable can lead to significant savings in the volume of water used in production processes



in a reasonably short time. With regard to the uses in agriculture — covering 70% of
global water consumption —, there is ample room for the recovery of productivity of the
water used. An example is the adoption of advanced techniques to collect rainwater to
use for irrigation. Moreover, the diffusion of technologies and management tools desi-
gned to maximize agricultural irrigation efficiency does not always translate into huge
investments in technology, but often, more simply, in the dissemination of knowledge

and know-how.

6.3 The water footprint as a simple, communicable, objective indicator

Promote an increased awareness of the impact of the use of water on the ecosystem
and support the emergence of virtuous behavior through the use of the water footprint
indicator.

The logic of the Life Cycle Assessment of products, for example, is headed exactly in
the desired direction, taking into account what happens at each stage of cultivation
or extraction, production, transport and consumption, according to a systemic and
integrated logic.

In particular, we believe it is essential to adopt a systematic use of the water footprint
as a tool for the comprehensive assessment of the environmental impact of indivi-

duals, enterprises (of production and distribution, within each sector) and States.

6.4 Dietary habits and a lower water consumption

Orient individual behavior and consumption patterns towards lifestyles that involve a more

careful use of water.

Interventions of awareness aimed at affecting lifestyles have not only the task of encou-

raging a more rational use of water in daily activities, but also that of introducing a more

caring attitude on the whole towards the issues of the conservation of water resources.

Consumption habits should be oriented towards the use of goods and services with a lower

water content (water footprint):

- increasing consumer awareness of the water footprint of products, by explicitly stating
the amount of water consumed to produce those goods and services (water footprint of the
product) on the labels, for example;

- introducing incentive schemes to purchase products and services of a lower water content
within each category, even correlating the virtual content to the price.

The dietary styles adopted play an important role. In the past, the Barilla Center for Food

& Nutrition developed the concept of the Double Pyramid, in which we can see that the

foods that are recommended by nutritionists most often are those that have a lower envi-

ronmental impact. This is especially true if you look at the double pyramid made with the
water footprint of food.

The adoption of diets, such as the Mediterranean diet, characterized by a high consumption

of fruits and vegetables but a moderate amount of meat, is a good example of healthy eating,

but it is also more environmentally friendly, helping to safeguard water resources that we

are making increasingly scarce.

IT IS ESSENTIAL TO ADOPT

A SYSTEMATIC USE OF THE
WATER FOOTPRINT AS ATOOL
FOR THE COMPREHENSIVE
ASSESSMENT OF THE
ENVIRONMENTAL IMPACT OF
INDIVIDUALS, ENTERPRISES
(OF PRODUCTION AND
DISTRIBUTION, WITHIN EACH
SECTOR) AND STATES.

ORIENT INDIVIDUAL
BEHAVIOR AND
CONSUMPTION PATTERNS
TOWARDS LIFESTYLES THAT
INVOLVE A MORE CAREFUL
USE OF WATER.
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6.5 Efficient crop location and virtual water trade for savings on a
global level of water resources used

RETHINK ON A GLOBAL  Rethink on a global scale the locations of activities that involve a higher water consumption.
SCALE THE LOCATIONS  From this point of view, agricultural products constitute the area of greatest attention.

OF ACTIVITIES THAT 1, particular, the proper location of agricultural crops is an issue that needs to be ad-
INVOLVE A HIGHER WATER

CONSUMPTION. FROM

THIS POINT OF VIEW,
AGRICULTURAL PRODUCTS and intensity of rainfall) must be kept in mind in the medium term.

CONSTITUTE THE AREA OF What is suggested is a greater focus on the location of crops in relation to water effi-

dressed with great caution. The nature of agriculture, in fact, has very strong local and

territorial roots. Similarly, the consequences of climate change (e.g., changes in location

GREATEST ATTENTION.  ciency. In particular, in the decisions about the location of certain crops, the oppor-
tunity could be seized to maximize the consumption of a green water footprint rather
than that of blue water.

Not only that: it is possible to seize the opportunities offered by the growing liberali-
zation of international trade by targeting the trading of goods with high virtual water
content from the geographical areas that are richest in water resources to others of the

poorest areas, by adopting the logic of virtual water trade.

Figure 6.1. The Food and Environmental Double Pyramid developed by Barilla Center
for Food & Nutrition

ENVIRONMENTAL PYRAMID

Low HIGH
Sweets E |
Red meat - Red meat
Cheese Cheese
Eggs Fish
White meat
Fish
Cookies.
Q White meat
Sweets
Legumes, Cookies
Pasta, Milk, Yogurt
Milk Olive oil, Rice, Eggs
Yogurt
QOlive Oil Vegetables
Potatoes
Bread
Bread, Pasta
Rice, Potatoes,
Legumes
Fruits Fruits
Jegetables
HIGH Low
FOOD PYRAMID Fond AVAVA

il tuo cibo, la tua terra

Source: Barilla Center for Food & Nutrition, 2010



La water neutrality per indurre alla riduzione

del consumo d’acqua

With reference to the issue of the reduc-
tion of the water, the concept of water
neutrality was developed (see Hoekstra,
AY. and AK. Chapagain, Water Neutral:
Reducing and Offsetting the Impacts of
Water Footprints, Value of Water Rese-
arch Report Series, # 28, UNESCO-IHE
Institute for Water Education Editor, Del-
ft, The Netherlands, 2008).

Making an activity water neutral, me-
ans reducing the water footprint (i.e.,
reducing the possible consumption and
pollution of water used) as much as is
reasonably possible, economically of-
fsetting the negative externalities of the
remaining water footprint (by investing
in projects that promote sustainable
and equitable use of water in the envi-
ronment and the community involved).
Generally, it is not a matter of zero con-
sumption of water (because it is not pos-

sible, unlike carbon neutrality that provi-
des for zero CO, emissions). The concept
of water neutrality can be determined
for a product, for a company (with refe-
rence to the reduction of the water and
the financial compensation of the remai-
ning water footprint of the entire supply
chain) or for an individual or community.
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Figure 6.2. Water Footprint of the Food Pyramid
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6.6 Commitment and responsibility of institutions
to ensure access to water

Promote access to water for the most disadvantaged populations as to water today, promo-
ting the necessary investments and removing technical and political constraints.

Much has been done in this context over the last decade and the results were encouraging.
What needs to happen now, even in the face of different kinds of priorities arising from the
global economic and financial crisis, is that the commitments be respected and that atten-
tion given to the issue continues to remain very high. European countries, in particular, can
play an important role in this context.

The fact that the UN has ranked access to water among the Millennium Development Goals
has created greater awareness, orienting the actors involved towards a single direction.
We simply emphasize the importance of inscribing the actions taken by these organizations
into a coherent and cross-encompassing strategy that includes infrastructures, education

and appropriate management skills.

6.7 Economic value of water resources and the internalization
of the cost of water in the price

Rethink the functioning of markets in the optic of water economy through the deve-
lopment of economic models that can accurately define the economic value associated
with the use of water.

The operation of the water market, both public and private, is one of the key issues to pro-
mote greater water efficiency. This debate is central to the identification of a mechanism for
setting the correct value. Defining the “fair value” and, therefore, the “fair price” of water
can reduce waste and increase the effectiveness of policies for environmental protection.
Pricing research requires a difficult balance: it must meet criteria of distributive equity and,

at the same time, discourage excessive or improper use.

6.8 Management of water resources between privatization
and democratic control

In recent decades, policy makers and development experts have seen privatization as an
opportunity to reduce waste and provide efficient management of water resources agencies.
This attitude — certainly supported by major studies commissioned by international insti-
tutions, but also by vested economic interests — has led to negative consequences, in many
cases, for the community (reckless increase of rates, reduced availability, etc.). Looking
ahead, the issue must be reconsidered starting from the interests of people, obligating the
private management companies to comply with social and ethical principles.

If water is a good for everyone, only an effective system of democratic control can provide
adequate security in the face of risks from a model of inefficient management of water re-

sources, be it public or “privatized.”
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Blue Gold World Water Wars (documentario):
www.bluegold-worldwaterwars.com

Contratto Mondiale sullAcqua:
www.contrattoacqua.it

Ecoage.com:
www.ecoage.it

Food and Agriculture Organization (FAQ):
www.fao.org

Food and Water Watch:
www.foodandwaterwatch.org

Il futuro dei consumi:
robertolapira.novalQ0.ilsole24ore.com

One Water:
www.onewater. org

Stockholm International Water Institute:
WWW.SIWI.oTg

The Ecologist:
www.theecologist.org

United Nations Educational, Scientific and Cultural Organization (UNESCO) / Water:
WWW.Unesco.org/new/en/natural-sciences/environment/water

University of Twente, Twente Water Centre:
www.utwente.nl/water

Water Footprint Network:
www.waterfootprint.org

Water Link:
www.waterlink-international.com

World Business Council for Sustainable Development (WBCSD):
www.wbcsd.org

World Health Organization (WHO) - United Nations Children’s Fund (UNICEF)
Joint Monitoring Programme (JMP) for Water Supply and Sanitation:
www.wssinfo.org

World Mapper:
www.worldmapper.org

World Water Day:
www.worldwaterday.org
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