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Introduction

hen I wrote the treatise “Water: The Untapped Market”

back in 1987, I advocated market-based solutions to the

governance of expanding global water resource chal-
lenges. Actually, as a resource economist, it is more accurate to say that I
was enchanted by the potential application of the principles of resource
economics to the free market system. As [ prophesied over 20 years ago
in the introduction to that document,“the dynamics of the water indus-
try are changing rapidly in coincidence with the growing problems in-
herent in a severe imbalance of supply and demand. Given the natural
constraints of the hydrologic cycle and the artificial limitations imposed
by the degradation of supplies, it is becoming increasingly apparent that
the effective utilization of water resources requires a more productive set
of governing institutions.” That set of productive institutions was col-
lectively embraced through the marketplace.

At the time, “governing institutions” were effectively limited to fed-
eral, state, and local regulatory frameworks and oversight. It was my belief
that water pricing mechanisms and the unfettered transferability of water
rights, among other market-based solutions, would inevitably lead to
equilibrium in the supply and demand for water. Granted, there were

pel
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hurdles to overcome such as pollution externalities and public (common)
good issues where market failure is predictable, but nothing that a close
relationship between governments and markets could not work through.

Over 20 years later, I have seasoned to the fundamental realities of
a critical industry in transition, subject to pricing challenges and politi-
cally restrained to trend toward the equilibrium that is so natural in
most other markets and so needed in this one. The allocation of water
to this day does not even remotely adhere to the forces of a market
seeking equilibrium, and it is clear that a price-driven optimal alloca-
tion will not always equate to an optimal distribution. Not coinciden-
tally, the global condition of our water resources has never been more
in peril nor the investment opportunities greater.

The inflection point is upon us. Water will be the resource that
defines the twenty-first century driven by a substantial increase in its
value. This value will inevitably be unlocked as the global population
adjusts to the linkages between human health, economic develop-
ment, and resource sustainability. But what is meant by value? As inves-
tors know, value can be an instructive yet elusive concept. Indeed, one
of the dilemmas that Adam Smith faced in writing An Inquiry into the
Nature and Causes of the Wealth of Nations (which set the foundation for
the field of modern economics) involved tracing the roots of value. By
discovering the source of value, Smith hoped to find a benchmark for
measuring economic growth. He identified two different meanings of
value (value in use and value in exchange) and observed that things
that have a high value in use frequently have very little or no value
in exchange. And, conversely, goods that have the greatest value in
exchange often have inconsequential value in use.

Smith summed this up in the form of a puzzling contradiction: the
diamond-water paradox. Why is it that diamonds, which have limited
practical use (and no survival value), command a higher price than
water, which is a prerequisite for life? Smith could not solve the para-
dox and instead identified labor as the source of value. What is instruc-
tive, and telling, was how he phrased the explanation: “The real price
of every thing, what every thing really costs to the man who wants to
acquire it, is the toil and trouble of acquiring it.” Price was related to a
factor of production (i.e., labor), thereby circumventing the original
quest for the source of value to the consumer.
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While we must not forget that in Smith’s day natural resources
were effectively viewed as unlimited, he certainly understood the value
of water to someone thirsting in the desert. But again, at the time, such
a scenario was a simple issue of supply and demand (neither curve was
at issue), not an explanation of why the price of diamonds was greater
than the price of water. It was not until the neoclassical economists
of the late nineteenth century that the “answer” was told. The reso-
lution of the paradox involved one of the most enduring metaphors
in the history of economics and indirectly set in motion a divergence
between economics and ecology, with implications far greater than
anyone could have imagined.

Enter the theory of marginal utility. This subjective theory of
value states that the price of a good is determined by its marginal util-
ity, not by the amount of labor inputs and not by its total usefulness.
Utility refers to the ability of a good or service to satisfy a want, and the
immeasurable units of satisfaction are metaphorically called ufils.

Water may have a very high total utility, but its general availability
creates a low marginal utility and, since price is determined at the mar-
gin, a price that is artificially low. As economists suggest, do not con-
fuse utility with usefulness; in other words, don’t confuse the metaphor
as a metaphor. The intuitively obvious inelasticity of demand for water
is rendered nonsensical by a price that is not rendered at the margin;
again, the marginal utility of water is ordinarily low because a single
incremental unit seldom commands extraordinary satisfaction. The
diamond-water paradox was solved. That was the story then.

The reality today is that virtually every country in the world
is presented with some combination of water quality and quantity
issues. Total utility, in the form of ecology, is not aftorded the proper
treatment. This is the cause of the divergence between econom-
ics and ecology; the total usefulness of nature, and water, must be part
of the equation. Now today, once again, it is a simple issue of supply
and demand because both curves are the issue. If the model of global
warming and the metaphor of climate change are necessary to under-
stand the true meaning of ecology, then so be it. Not that six million
years of geologic history in our lineage is enough to convince us, but
can it be any clearer from the “greenhouse gases” metaphor of climate
change that nature “manages” us, not the other way around? To explain
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why we must fuse the human economy with nature’s economy we
must also retell the story of water.

I have intentionally stopped short of a more detailed exposition of
the implications for water because it is critical that the investor con-
stantly refer back to this paradox throughout the reading. The response
to the diamond-water paradox will be a prominent part of the funda-
mentals associated with investment in water; for now, the answer will
remain a question so that the reader refers back to the paradox as often
as the content inspires reflection. This foreshadows the transition under
way in the water industry; that is, the substantial increase in its value.

Why 1is all of this so important to investors in water? While the
implications will be addressed in more detail in the concluding com-
ments, investors must keep several things in mind as the journey
progresses. First, there are no substitutes for water. Second, prices set at
the margin should include the marginal cost of water. Third, value in
exchange requires a measure of value and the ability to exchange. And
fourth, total utility is relevant to ecology.

Can it simply be that this is the first time (or the time of accumu-
lated knowledge) in the history of humanity that we have the experi-
ential ability to tell the story of nature on a planetary scale, that is, once
our activities impact nature on a planetary scale? It is in that spirit that
the story of water is told. The human species and nature are obviously
inseparable. At the same time, the human economy and nature’s econ-
omy are viewed as divisible; nature serves humanity. Analogous to the
division of labor, the mechanistic methodology embraced by modern
economics seeks the division of resources, the specialized utilization
of our natural resources in the relentless pursuit of growth in isolation
from the precepts of ecology. When private and social rates of return
diverge, private decision makers will not allocate optimally. The diver-
gence of social and private costs and/or benefits result as much from
the “rules” established by institutions as it does from the methodology
used to measure such costs.

There is a burgeoning global demand for safe drinking water, envi-
ronmentally sustainable water use, and industrial process improvement.
Yet despite unprecedented economic progress on a global scale, envi-
ronmental issues have been largely neglected as a critical component of
continued growth. For such a basic proposition as clean water, why has
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the industry dedicated to addressing this need not received more atten-
tion? Why i1s there such a disconnect between the human economy and
“nature’s economy,” as coined by Donald Worster?

The problem is that as economic activity expands, there seems to
be an almost cavalier denial of the impact on our natural resources, as
if there were no linkage between unbridled expansion and the planet’s
carrying capacity. It is this fusion of ecology and economics that will
reorder the cultural paradigm and facilitate an understanding of our
interconnectedness with nature. The assumptions of economic society
must be fused with its biological underpinnings. It is time to estab-
lish new metaphors that fuse ecology with economics and, in so doing,
retell the story of water for the twenty-first century.






Part One

WATER






Chapter 1

Water: Prerequisite for
Life and Living

ater is ubiquitous on Planet Earth. As we view our planet

N K / from beyond, we are struck by the prevalence of water. It

1s so much a distinguishing feature on the universal can-

vas that Earth is commonly referred to as the “Blue Planet.” Before we

had an interstellar perspective, and before we were even aware of a plan-

etary scheme, the word earth took cultural form from the solid footing

that was understood—namely, ground, soil, and land. The planet was

labeled accordingly. But the reality is that water is a primal driver in

shaping the planet and the awareness is that its scarcity is a constraint on

its inhabitants. From this modern perspective, it would be more appro-
priately called Planet Water.

It is believed that large amounts of water have flowed on Earth for

3.8 billion years, most of its existence. There is no coincidence between

the abundance of water on Earth and the existence of life. Water is the
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dominant constituent of virtually all living forms. As Felix Franks of
the University of Cambridge puts it, “Without water it’s all just chem-
istry. Add water and you get biology” Water is a prerequisite for life.
To understand the intricacies of the water molecule in developing and
sustaining life is to understand the economic potential of water in the
context of its presence as a prerequisite for living. As humans place bur-
geoning demands on the substance, water is increasingly recognized for
the limitations its distribution places on the socioeconomic well-being
of civilizations.

A key requirement for successful investing is a thorough under-
standing of the business that you are investing in. The fact that we need
water to survive, while certainly putting a floor on demand, is not the
level of understanding that we are after. Despite the rigors of under-
standing the many facets of water, it is absolutely critical that investors
understand the science. It is the uniqueness of water that governs the
technology to maintain its primal purpose, the economics of imple-
menting solutions, and the politics to ensure its sustainable use. All
aspects of investing in water are influenced by an understanding of
what water represents. One simple fact sets in motion this unprece-
dented investment opportunity: There is simply no substitute for water.

Prerequisite for Life

The way the water compound is structured, and the resulting inter-
action with other key biogeochemical cycles, creates an intricate fab-
ric that forms the basis of life on Earth. It is the oft-made statement
that life depends on the anomalies of water. It is a critical biomolecule,
structuring proteins, nucleic acids, and cells. Remarkably, the behav-
ior and function of water, despite considerable research, is still far from
completely understood.

The Life-Enabling Anomalies of Water

The simplicity of the atomic structure of a water (or hydrogen oxide)
molecule belies its extraordinarily unique electrochemical properties. The
V-shaped water molecule consists of two light hydrogen (H) atoms and a
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relatively heavier oxygen (O) atom at the vertex. The difference in mass
gives rise to the molecule’s ease of rotation and the constant movement
of the hydrogen nuclei. The way in which the two hydrogen atoms are
bonded to the oxygen atom is particularly significant. The electrons are
shared between the atoms (covalently bonded) but are not distributed
equally. The oxygen atom, therefore, attracts the electrons more strongly
than the hydrogen side. The resulting asymmetrical distribution of
charge, or dipolarity, creates a net positive charge on the hydrogen
side of the molecule and a net negative charge on the opposite oxygen
side. Hydrogen bonding causes molecules of water to be attracted to each
other, forming strong molecular bonds, and explains many of the anom-
alous properties of water. The oxygen atom’s strong affinity for chemi-
cal bonding with other nuclei enables many of life’s reactions. Hydrogen
bonding also allows water to separate polar solute molecules. The par-
tially negative dipole end of the water molecule is attracted to positively
charged components of a solute, while the opposite occurs on the posi-
tive dipole end. This polarity explains water’s ability to dissolve many
“contaminants” (the fact that oil is a nonpolar molecule is the reason that
water and oil do not mix). In fact, water is known as the “universal sol-
vent.” This seemingly innocuous property accounts for an enormous pro-
portion of the money spent in the water and wastewater industry. All sorts
of dissolved substances (some a nuisance, some deadly) must be removed
to make water suitable for most end uses, drinking water in particular.
Investment applications include all aspects of water and wastewater treat-
ment, nonpoint source surface water (runoff), stormwater, and groundwa-
ter. This 1s why treatment is viewed as such a compelling part of investing
in water and why every location has a different treatment challenge.

As essential for life, however, the solvent properties of water are
vital in biology, because many biochemical reactions can occur only in
aqueous solution and also because this feature enables water to carry
solvent nutrients to living organisms. This is also the reason why water
seldom has a neutral pH of 7.0. Only pure water is neither acidic nor
basic (acid rain, caused by sulfur dioxide and nitrogen oxide emissions
from coal-burning power plants and automobiles, can have a pH as low
as 2.3—as acidic as lemon juice).

Because of the extensive hydrogen bonding between molecules,
water has the second-highest specific heat capacity of any known
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chemical compound, except ammonia, as well as a high latent heat of
vaporization. These two unique properties allow water to moderate the
Earth’s climate by buftering large fluctuations in temperature. The large
heat capacity of the oceans allows them to function as heat reservoirs
in this buftering process. These properties have monumental ramifica-
tions in the advent of global warming.

The specific heat also helps organisms regulate their body tempera-
ture more effectively. Another life-enabling property of water is its high
surface tension, the highest among nonmetallic liquids. The stability of
water drops is critical in transporting water through the roots and stems
of plants via the xylem. It is also responsible for the capillary action that
allows water and dissolved substances to move through the blood ves-
sels in our bodies.

In addition, the presence of hydrogen bonds provides another
unique behavior for water upon freezing. As water molecules seek to
minimize energy when cooled to the freezing point, the hydrogen
bonds allow the formation of a hexagonal crystal structure that is more
expansive than in the liquid state. Unlike almost all other substances,
the solid state of water is, therefore, not as dense as the liquid form; that
is, ice floats. This has environmentally significant implications. If water
were denser when frozen, susceptible lakes and rivers, and oceans in
polar biomes, would freeze solid, preventing thermal stratification from
occurring and widely impacting biological systems in the lower aquatic
life zones.

There are many additional anomalous properties of water, from the
opposite properties of hot and cold water to its unique hydration prop-
erties for biological macromolecules that clearly place water in a unique
class among the determinants of life on Earth. Interestingly, although
the molecular structure of water is assumed stable in molecular ther-
modynamics, there are studies that have indicated that at the quantum
(nanoscale) level, water may behave differently. At very small timescales,
the structural permanence of water is more questionable, possibly with
nanotechnology implications. The science of water tells us that water
1s a prerequisite for life and, in this respect, cannot be overemphasized.
From an investment perspective, it is an undeniable fact. But the way
water is cycled on the planet is the process that determines availability
and accessibility from a societal perspective.
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The Recycling of Water Energy

The hydrologic cycle is one of the life-sustaining biogeochemical (lit-
erally, life-earth-chemical) cycles—natural processes that cycle critical
constituents from the abiotic (nonliving) environment to biotic (living)
organisms and then back again. As cycles, the assumption is that these
systems, for all intents and purposes, are closed, powered by energy from
the sun and moving a fixed amount of matter in a continuous process.

Water is the most abundant molecule on the surface of the Earth.
It is the only common substance found naturally in all three physi-
cal states of matter within the relatively small range of temperatures
and pressures encountered on the planet’s surface. It composes approx-
imately 75 percent of the Earth’s surface in liquid and solid (frozen)
states, in addition to being the third most abundant gas in the atmos-
phere in the form of water vapor. Further, of the atmospheric con-
stituents that vary in concentration both spatially and temporally, water
vapor 1s the most abundant. While the variable components of the
atmosphere make up a very small portion of atmospheric gases, they
have a much greater influence on both weather (short-term) and cli-
matic (long-term) conditions. Water vapor redistributes heat energy
on the Earth through latent heat energy exchange, condenses to create
precipitation, and warms the Earth’s atmosphere as one of the original
greenhouse gases.

The hydrologic cycle is often modeled as having distinct phases;
evapotranspiration, condensation, precipitation, and collection. It is
viewed as a constant system—water molecules in continuous move-
ment cycling through well-defined states. But that model of uniformity,
couched in terms of a human timescale, is increasingly seen, along with
other elements of our ecosystem, as a fragile balance between deter-
minism and chaos. While the overall volume of water is not changeable
on a human timescale, it is clear that we can, and are, directly and indi-
rectly affecting the spatial and temporal distribution of water on the
planet. In other words, we are impacting the hydrologic cycle. This is
not only in the obvious sense that we are depleting aquifers, diverting
surface water flows, and exacerbating runoft, but we are also impact-
ing the hydrologic cycle by altering the carbon cycle, creating infinite
mini—storage units of water in all types of products, and generally mis-
managing water in a rapid divergence from sustainability.
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The role of water as a prerequisite for life, and its availability as
a constraint on the human condition, combine with the natural dis-
tribution of water on the planet in a collision course with a rapidly
expanding human population driven by economic development. The
hydrologic cycle is one of the links between the biosphere (the col-
lection of the earth’s ecosystems) and the ascension of civilizations. As
human activity approaches globalization, it has a greater ability to alter
this global life-support system; that is, an expanding global economy
becomes larger relative to the nonexpanding biosphere.

Human activities affect the biogeochemical cycles in vastly difter-
ent ways. All of these cycles have extraordinarily complex features. The
phosphorus cycle, for example, is exceedingly slow. On a human time-
scale, it can be viewed as a one-way flow from land to oceans. The car-
bon cycle, on the other hand, is unique in that while carbon-containing
tossil fuels take millions of years to form, human activities can rela-
tively quickly change the form, but not the absolute amount, of car-
bon. The carbon cycle includes carbon dioxide (CO,) gas that regulates
the Earth’s thermostat—too little CO, in the atmosphere and it will
cool; too much and the atmosphere warms. Here, human activities are
capable of rapidly altering the mix. Fossil fuels are nonrenewable on a
human timescale. In addition, water has now become a limiting factor
in economic development: It is a prerequisite for living.

Prerequisite for Living

By “prerequisite for living” it is meant that water is a crucial factor in
human well-being and the quality of life. Just behind income, the avail-
ability of water ranks as the second most critical factor in a survey of
“well-being” among those most burdened in society. Water, through its
many consumptive uses, permeates virtually all aspects of the socioeco-
nomic fabric and affects many of our life choices. The lack of water, of
acceptable quality and in sufficient quantity, is a major factor in poverty,
food insecurity, human disease, economic development, and, ultimately,
geopolitical conflict. It is this rapidly accelerating realization that forced
water challenges onto the global stage, spotlighting the role of water as
a prerequisite for living.



Water: Prerequisite for Life and Living 9

Water and the Quality of Living

If water plays such a vital role in human well-being and economic
development, we would expect to face our greatest challenges in areas
of the world where water is extremely scarce. And that is certainly
the case. As the human population and economy grow, however, it is
becoming apparent that hydrocentric constraints are permeating many
more activities than would be expected from an obvious imbalance
of supply and demand. Accordingly, while water availability is subject
to spatial and temporal variations, it is constructive to get some sense
of social condition in relation to water resources. The Water Poverty
Index (WPI) was developed by the Center for Ecology and Hydrology
for just such a purpose. The WPI is designed to be a scalable “evalua-
tion tool for assessing poverty in relation to water resource availabil-
ity” The composite index is a numerical measure that can be utilized
by decision makers in water policy processes. The WPI is one way to
produce a standardized framework to capture the complexity of water
management issues as they relate to quality-of-life issues. But it is the
theoretical basis of the WPI framework that is useful for our current
purpose—that of linking water resource availability to, in their words,
“the socioeconomic indicators of poverty drivers,” or in my words, the
quality of living.

Lack of water does not cause poverty, but poverty virtually always
includes a lack of water. While poverty, like standard of living, can be
defined in measurable terms, quality of living is a relative condition. It
makes sense, then, to focus on a quantifiable level rather than a qualita-
tive notion when viewing water as a prerequisite for living. As such, the
long line of advancements that poverty is circumscribed by capability
deprivation extends well to the ideal of quality of living encompassed
in an ability to make livelihood choices. Having access to adequate
water supplies for domestic and productive use clearly falls into the cat-
egory of capability deprivation. To maintain eftective livelihood choices,
five capabilities have been identified by Desai (1995):!

1. Capability to stay alive/enjoy prolonged life
2. Capability to ensure biological reproduction
3. Capability for healthy living

4. Capability for social interaction
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5. Capability to have knowledge and freedom of expression and
thought.

Water is linked to all of these capabilities.

Given that water is a prerequisite for life and for living, it bears
upon the investment implications going forward to get a sense of the
baseline global water condition and to project the likely global water
scenarios into the future.



Chapter 2

The Global Water
Condition

T he statistics are telling. The World Health Organization (WHO)
estimates that 1.1 billion people do not have access to improved
drinking water and that 2.6 billion people (40 percent of the
world population) live in families with no proper means of sanitation.
Half of all hospital beds in the world are filled with people suffering
from waterborne and water-related diseases. The health burden also in-
cludes the annual expenditure of over 10 million person-years of time
and effort by women and children carrying water from distant sources.
If the average of one hour per day saved by each household member
through the convenience of more proximate safe drinking water were
used in a livelihood earning a minimum daily wage, this labor input
would be worth $63.5 billion dollars per year.

The proliferation of statistics on the global water condition belies
the notion that we have a firm grasp of the extent and depth of the

11
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impacts of the shortfall in potable water and sanitation. The impact
of water scarcity is devastating: pervasive poverty, food insecurity, con-
flict, and morbidity. But none are as chilling as the fact that the lack of
water and sanitation services kills about 4,500 children per day.

The Human Cost of Waterborne Disease

There are few things more tragic than a resource vital to human life
taking life. Yet that is the case every day. Contaminated water causes a
wide variety of communicable diseases through ingestion or physical
contact. Waterborne disease remains one of the most significant threats
to human health worldwide. Strictly speaking, waterborne diseases
are caused by the ingestion of water contaminated by human or ani-
mal waste containing pathogenic bacteria or viruses including cholera,
typhoid, amoebic and bacillary dysentery and other diarrheal diseases.
More broadly, water-caused diseases also include water-washed diseases
caused by poor personal hygiene and skin or eye contact with contam-
inated water (scabies; trachoma; and flea, lice, and tick-borne diseases);
water-based diseases caused by parasites found in intermediate organ-
isms living in water (dracunculiasis, schistosomiasis, and other intestinal
helminths); and water-related diseases caused by insect vectors which
breed in water (dengue, filariasis, malaria, onchocerciasis, trypanosomia-
sis, and yellow fever).

While global mortality figures vary considerably, the human toll
from water diseases is clearly unacceptable. An estimated 1.8 million
deaths occur annually from diarrheal diseases alone, and 90 percent of
those are children under the age of five, mostly in developing countries.
According to WHO statistics, there are approximately 4 billion cases of
diarrhea each year, caused by a number of different pathogens, includ-
ing Shigella, Campylobacter jejuni, Escherichia coli, Salmonella, and Vibrio
cholerae. In Bangladesh alone, diarrheal diseases kill over 100,000 chil-
dren every year. The alarming rate of urbanization, and the crowded
condition of Dhaka’s slum communities, adds significantly to the mor-
bidity rate. And this scenario is played out in many parts of the world,
such as Ethiopia, India, Kenya, Guatemala, Nigeria, and Honduras, to
name just a few.
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Supply and Demand

On the planetary scale there can be no shortage of water. We have
essentially the same amount of water on the planet today that we had
millions of years ago. And it is an enormous quantity, about 1.39 billion
cubic kilometers (331 million cubic miles or some 3.26 X 10 gal-
lons). Unfortunately for us, most of that water is unsuitable for human
consumption, especially with a global population of 6.7 billion people.
As can be seen in Figure 2.1, 97 percent is saltwater contained in the
oceans; leaving only about 3 percent freshwater. And of all the freshwater
available only 1 percent is surface freshwater. The rest is locked up in the
polar ice caps, glaciers, and permanent snow or comprised of depletable

Percentages
Oceans 97.5

All Water

Freshwater 2.5

Ice-Caps and Glaciers 79

Groundwater 20

Easily Accessible Surface Freshwater 1

Lakes 52
Soil Moisture 38

Atmospheric Water Vapour 8
Rivers 1
Water Within Living Organisms 1

Figure 2.1 Earth’s Water Budget
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groundwater. All told, only about 0.036 percent of the planet’s
total water supply is found in rivers and lakes. While estimates of the
global water distribution vary among researchers, suffice it to say that
only a very small fraction is easily accessible freshwater.

While global water supply has remained constant, global water
demand has increased sixfold in the last century, increasing more than
twice the growth rate of global population. Right now, nearly three
billion people live in water-scarce conditions (40 percent of the world’s
population), and that proportion is expected to increase to at least
60 percent by 2025. If per-capita consumption of water continues to
increase at its current rate, we will be using over 90 percent of all avail-
able freshwater by 2025.

Regional Fundamentals

The WHO/UNICEF Joint Monitoring Program for Water Supply and
Sanitation revealed glaring contrasts between developed and developing
regions, rich and poor countries, and rural and urban populations in regard
to access to clean water and sanitation. The challenges identified are:

* To maintain the gains already made in developing countries,

* To extend the reach to the billions of people residing in rural areas
who have no services

* To accelerate the efforts in urban areas in order to keep pace with
rapid population growth by focusing on low-income and disadvan-
taged groups.

Despite progress, it’s hard to see how the Millennium Development
Goals (MDGs) can be met in regions of quickening population growth.

Sub-Saharan Africa remains the region of greatest concern. The
Global Water Supply and Sanitation Assessment by the WHO reported
that, with an 85 percent increase in urban population over the cover-
age period, the number of people unserved has doubled. In the rural
areas, the number of people unserved with improved drinking water
was five times higher than their urban counterparts, and with respect to
improved sanitation, the rural number unserved was three times higher.
The African urban population is expected to double over the next 25
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years. In addition to sub-Saharan Africa, the 80 percent unserved glo-
bal population is concentrated in eastern and southern Asia. Access
to drinking water through a household connection is as low as 16 percent
in sub-Saharan Africa, 20 percent in southern Asia, and 28 percent in
southeastern Asia. The urban population of Latin America and the
Caribbean is expected to increase by almost 50 percent by 2025, rep-
resenting another region of potential shortfall in achieving adequate
drinking water and sanitation access.

The sobering nature of the global water condition leads to a hor-
rible and inescapable conclusion: If nothing is done, current death rates
traced to water access and water quality will rise dramatically. Millions
more will die. What’s required to prevent this worst-case scenario is
technological, financial, and institutional innovation.

Water Institutions

The term institution immediately takes on an unintended connotation
with respect to water. It goes beyond the reference to an organization
in society or culture although that is obviously a very large, and grow-
ing, part of water governance. The WHO, the World Bank, the United
Nations Children’s Fund (UNICEF), and the International Monetary
Fund (IMF) are international institutions that clearly have a large role
in defining and addressing global water issues. The regulatory frame-
work 1is also included within the institutional landscape. National
regulatory bodies such as the U.S. Environmental Protection Agency
(EPA), the European Commission, the Ministry of Water Resources of
the People’s Republic of China, and the European Union (EU) Water
Framework Directive are institutions linked to specific governments.

Just as significant, and arguably more instrumental to the future of
water, is the extension of water “institutions” to more process-oriented
meanings. This reference is more to the relational connotation associated
with the institution label. While the relationship between markets and gov-
ernments can take on many traditional institutional forms, regulation in
the water industry easily rises to an institutional stature. Water regulations
and laws play a key role in driving not only the composite water business
but also specific components that can be actionable for an investor.
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Regulation is achieved through governance of the water, waste-
water, and stormwater utilities and will be discussed more thoroughly
in Chapter 9. The key element here is that regulatory frameworks are
a major link between the global water condition as it currently exists
and what each individual state, society, or culture wants it to be in
the future. When it comes to environmental regulation, there is sig-
nificant difference between developed and developing countries.
Developing countries that are rapidly industrializing generally do not
have the institutional structure in place to keep up with escalating
pollution. And even if rules, regulations, and standards are in place,
monitoring and enforcement seldom are, and compliance suffers as a
result. Further, while some international agreements have been forged
(e.g., the Kyoto Agreement with respect to CO, emissions), environ-
mental regulations are generally established based on the sovereign
national boundaries. This is problematic with respect to larger regional
water resource imperatives because nature’s watershed boundaries do
not adhere to geopolitical borders and there can be very different regu-
latory mandates and stringency approaches between countries.

Regulation

Regulation is a key driver of the water industry and therefore in deter-
mining the investment potential of specific water companies. A major
goal of this book is to provide a guide for investing in water as a the-
matic strategy. Any discussion of the merits of investing in water must
necessarily address the regulatory institutions that touch every aspect of
the industry. Unfortunately, rather than detailed analysis of the nexus
between regulations and specific investment opportunities, most water
analysts totally disregard the regulatory drivers. This is a major omission
for a number of reasons:

* The developing countries are, conservatively, two (and, more likely,
three) decades behind the United States and other advanced econ-
omies with respect to the implementation of regulatory initiatives.
This can be surmised from a simple extension of the U.S. timeline
relative to the original Clean Water Act (CWA).

* In the United States, many of the water and wastewater systems
built in the advent of the CWA are now nearly at the end of their life
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cycles. This is yet another factor that perpetuates the positive funda-
mental outlook of water infrastructure companies well into the future.

* The developed countries are entering advanced treatment phases
arising from the regulation of ever-emerging contaminants, disin-
fection by-products, and trace contaminants detected with sophisti-
cated analytical methods.

Accordingly, a detailed analysis of existing, pending, and poten-
tial regulations and global regulatory trends will be presented to isolate
specific water investment opportunities. Regulations, and the water insti-
tutions that govern their promulgation, are increasingly viewed in con-
cert with market forces as a shaping force in socioeconomic imperatives.

The regulation of water worldwide is a complex interaction of gov-
ernmental bodies and institutional entities that varies widely from country
to country. At the core, however, is the imposition of water quality stand-
ards designed to protect human health and safeguard the environment.

Overview of Water Regulation in the
United States

In the United States, with its federalist approach to government, water
policy is shared between national and state (and local) governments.
The mission statement of the EPA, established by President Nixon
in 1970, is to set environmental protection standards consistent with
the country’s emerging national environmental goals. The establish-
ment of the EPA was part of a reorganization plan devised to con-
solidate the federal government’s numerous environmental regulations
under the jurisdiction of a single agency. The EPA brought together
15 components from 5 executive departments and independent agen-
cies. While this restructuring occurred almost four decades ago in the
United States, it illustrates the regulatory development currently taking
place in developing and emerging countries.

The Safe Drinking Water Act

In the United States, the EPA administers 10 comprehensive environ-
mental protection laws, several of which pertain exclusively to water.
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The Safe Drinking Water Act (SDWA) includes a requirement that the
EPA establish and enforce standards (maximum contaminant levels
[MCLs], treatment techniques, monitoring) to which public drinking
water systems must adhere. States and Indian tribes are given primary
enforcement responsibility (i.e., primacy) for public water systems in
their state if they meet certain requirements. For example:

* The state must have regulations for contaminants regulated by the
national primary drinking water regulations that are no less stringent
than the regulations promulgated by the EPA. States have up to
two years to develop regulations after new regulations are released
by the EPA.

¢ The state must have a program to ensure that new or modified
systems will be capable of complying with state primary drinking
water regulations.

¢ The state must have adequate enforcement authority to compel
water systems to comply with National Primary Drinking Water
Regulations (NPDWR).

* The state must have adequate variance and exemption require-
ments as stringent as the EPA’, if the state chooses to allow vari-
ances or exemptions.

The EPA coordinates efforts with state and local authorities in the
development of drinking water standards. But most states directly over-
see the water and wastewater systems within their borders. A critical
state function is the adoption and implementation of procedures for the
enforcement of state regulations. States must enact the authority to assess
administrative penalties for violations of their approved primacy programs.

The SDWA requires the EPA to regulate contaminants that may
pose a health risk and that may be present in public drinking water
supplies. The EPA sets water quality standards based on physical, chem-
ical, microbial, and radiological parameters. The physical standards
include guidelines for solids (total, suspended, and dissolved), turbid-
ity, taste/color/odor, and so on. Accordingly, the measurement of these
parameters impacts the analytical sector of the water industry and the
companies that provide instrumentation and equipment for measur-
ing, testing, and monitoring. The chemical and microbial standards set
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MCLs (and more stringent, nonenforceable maximum contaminant
level goals [MCLG]) that drive the treatment sector of the business.
This includes not only traditional primary and secondary treatment
but also innovative treatment processes and technologies designed for
advanced treatment of emerging contaminants. This is one aspect of
water regulation that provides a great deal of investment opportunity, as
will be discussed at length in Chapter 13 with respect to the growing
list of global water quality issues. The 1986 amendments to the SDWA
created further business for water treatment companies. A number of
landmark regulations were enacted, including the Lead and Copper
Rule, the Surface Water Treatment Rule, and the Total Coliform Rule.

The EPA accomplishes its regulation of water resources by inte-
grating research, monitoring, standard-setting, and enforcement activi-
ties into a comprehensive framework of institutional oversight. Every
state has governing bodies that either implement and enforce the
national mandate or promulgate its own set of rules and regulations in
accordance with the primacy requirements. States can be very proac-
tive in implementing their own agendas. California, for example, is well
known for its forward-looking water advocacy, having adopted require-
ments for a wide range of contaminants that are more stringent than
the national version and even ahead of any federal regulation at all (e.g.,
perchlorates).

The Clean Water Act

Another major piece of water legislation in the United States is the Clean
Water Act of 1972 (CWA), including a host of amendments. The CWA
is the cornerstone of surface water quality protection; the act does not
directly address groundwater issues. The statute employs a variety of
regulatory tools aimed at restoring and maintaining the integrity of the
nation’s waters through the regulation of point source discharges into
receiving water bodies. The main tool in achieving the “integrity” goal
is the National Pollutant Discharge Elimination System (NPDES) per-
mit program. Within this institutional framework, the development of
a Total Maximum Daily Load (TMDL) determines what level of pol-
lutant load would be consistent with meeting water quality standards.
In the early days of implementation, the chemical properties of effluent
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discharge was the focus. More recently, physical and biological parame-
ters have expanded the effort in combination with an emphasis on non-
point sources of pollution and a more holistic, watershed-based strategy.

Global Water Regulations

While the United States’ regulatory framework is one of the broad-
est in the Organisation for Economic Co-operation and Development
(OECD) countries, the size and density of continental Europe has long
dictated that water policy be at the forefront of environmental legisla-
tion. Indeed, many advanced technologies, in particular disinfection and
treatment with ozone, preceded widespread adoption in the United
States by many years. EU water regulation, in the form of Drinking
Water Directives (DWDs), has, over time, evolved into an integrated
body of legislation. As in most developed regions, future program
directives include watershed management and protection and sustain-
able water use.

In many other countries, there is a need to coordinate and con-
solidate disparate regulations into comprehensive water legislation. It is
believed, for example, that Canada would benefit from a more national
water policy. Beyond the highly integrated regulatory frameworks of
the developed countries there exists a broad spectrum of regulatory
institutions too extensive to document here. Generally speaking, how-
ever, centralized governments set water policy at the national level
based on departmentalized responsibilities. So there often exists an
institutional mosaic of rather isolated regulations. In China, for example,
issuers of water laws and regulations can include the State Council, the
State Environmental Protection Administration, the Ministry of Health,
the Ministry of Water Resources, the Standing Committee of the
National People’s Congress, and so on.

But by and large, the major developing countries (future domi-
nant economies) are enacting increasingly stringent water regulations,
thereby following the same progression dictated by previously industri-
alizing countries. Fortunately (or hopefully) for the planet, institutional
advancements can be implemented by the newly developing countries
without the need to experience the lessons of the past. For example,
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it took many years for the nonpoint source regulations in the United
States to evolve in the form of TMDLs, whereas China is already mov-
ing toward such watershed specific load requirements; carrying capacity
has dire implications for exponentially expanding populations. As com-
pliance enforcement catches up with the standards, all aspects of the
water business will benefit. An imposing institutional force in advanc-
ing compliance and impacting global water policy is now coming from
outside the governmental realm as well.

Nongovernmental Organizations

There are few global causes that are as permeated with nongovern-
mental organizations (NGOs) as clean water. The existence of so many
NGOs in water is testament to the fact that water is indeed the world’s
most valuable resource. But value is in the eye of the NGO. Water
is viewed from as many perspectives as there are agendas among the
NGO:s. There are NGOs that strongly support privatization and those
that are antiprivatization. They can focus on water and poverty, water
and economic development, water and human health, water and the
environment, and literally any other pairing.

NGOs, typically independent of governments, are a pervasive result
of globalization and play an increasingly vital institutional role in water
resource management and policy. They often not only provide a fresh
source of specific program funding but also serve to bridge national
boundaries in addressing water issues. NGOs (also known as civil soci-
ety organizations) can be community based; national or international;
and operational, research oriented, or advocative.

The United Nations (UN), while definitionally not an NGO as a
global association of governments, functions in a very similar manner
when it comes to international water programs and policy. The UN
family of organizations include many water-related programs embed-
ded in the likes of UNICEE WHO, the United Nations Educational,
Scientific, and Cultural Organization (UNESCO), UN-Water and the
World Bank, to name a few. In fact, NGOs helped create the UN, and
its charter recognizes formal consultation arrangements with NGOs. It
1s becoming increasingly common for NGOs to be UN system partners.
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So while the WHO is a major resource for issuing water quality stand-
ards adopted by many developing countries, and even played a role in
the EU water directives, the supporting NGOs are very influential. The
UN’s MDG of reducing by half’ the number of people worldwide
without access to safe drinking water has been a major impetus for
international water initiatives.

While NGOs are traditionally more active in democracies, their
ability to reach into virtually any forum is becoming quite skillful.
NGOs active in water policies are prevalent around the globe. There
are country-specific NGOs, such as Water Action in Ethiopia, Newah
in Nepal, the Mvula Trust in South Africa, and ProNet in Ghana, that
seek a role in guiding water resource management within state bor-
ders. There are also many international water research and specialist
NGOs that serve as a mechanism for disseminating technical informa-
tion and expertise in the interest of developing effective water policies.
An example is the Water for People NGO that works closely with the
American Water Works Association.

NGOs provide an institutional framework that contributes to water
policy making in a number of ways. At the community level, they serve
to build a consensus around water issues and work closely with political
parties as representatives of the local people. They also function as think
tanks to transfer innovative ideas and approaches into specific water pol-
icy actions. As mentioned, NGOs are often the source of considerable
technical expertise that can serve as the foundation for treatment tech-
nologies in support of water regulations. And finally, the advocacy role
in monitoring the application and enforcement of water laws and regu-
lations is a critical component in the feedback loop that often defines
the institutional impact on the expansion of the global water business.

The Institutional Impact on Water Investing

While globalization of capital and labor are driven by economics, it is
not inconceivable, given the planetary nature of the water cycle, that
standardized global water regulation could ultimately be the first step
in a more comprehensive institutional governance of water resources.
Unfortunately, the economic value of water is likely to ensure an



The Global Water Condition 23

interim period of sovereignty over water on at least a regional basis
if not narrowly confined to political boundaries. This is the presumed
basis for the much-anticipated conflicts over water.

The bottom line for investors is that the institutional structures
within the water industry, in particular regulation, provide the mecha-
nisms for which technology is transferred to the marketplace, largely
in response to the compliance requirements embedded in major water
policies. Regulation and innovation, both technological and proce-
dural, form a feedback loop that drives all aspects of the water business.
For example, regulations in the United States generally require that
the industry use the best available technology (BAT) that is economi-
cally achievable to meet the goals. This cost-benefit optimization proc-
ess 1s applied to successively more stringent regulations as innovation
achieves the policy goal.

What is of interest is that, increasingly, regulation is being influ-
enced by technology. This is truer in the developed countries where
technological advancements often precipitate regulatory action. An
example is the analytical technology that has enabled the measurement
of trace contaminants, that is, concentrations in parts per trillion. This
in turn provides the impetus for assessing long-term health eftects that
may or may not lead to regulatory action. In the emerging countries
where the regulatory framework may not be as stringent or where,
even if it is on the books, it is subject to less than fruitful enforce-
ment, the treatment technology or the science of resource management
is often very well established. Here, there is a lag between the institu-
tional framework and the technology necessary to challenge other than
the basics of nontrace contaminants and microbe-free drinking water
and rudimentary wastewater sanitation.

The Role of Water in Economic Growth

That water is essential to economic development is unquestionable. The
acute interest in water from the investment community is largely based
on the premise that water, like energy, is a key input in any country’s
macroeconomic equation. But, unlike the unbridled exploitation of fos-
sil fuels ushered in by the industrial revolution, the life-enabling nature
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of water adds an attention-grabbing aspect to the urgency of our global
water challenges. This is certainly not to say that water resources have
not been exploited (and indeed they have been for far longer than car-
bon-based resources), but the definition of exploitation takes on a differ-
ent connotation when the exploited substance is necessary to sustain life.
I am often asked about the timing of the seemingly spontaneous
interest in water, rising to almost ecotheist proportions. Aside from my
angst over the notion that water resource issues are even remotely new,
it is necessary to understand the origins and magnitude of the relatively
recent attention from Wall Street. Emanating from the eco-undercurrents
associated with global warming/climate change, energy independence,
alternative energy, the ethanol craze, and the groundswell of “clean-
tech” investments, water resources are perceived as even more funda-
mentally in peril. Ironically, there have been few contamination scares
in the United States, other than occasional precautionary “boil water”
orders, that have provided an enduring catalyst for investment inter-
est in the water industry. The dangerously high levels of lead leaching
into Washington, D.CJs, drinking water created largely localized con-
cern. And the largest epidemic of waterborne disease ever reported
in the United States, the 1993 Milwaukee cryptosporidiosis outbreak,
while significantly advancing the knowledge of water treatment, was
well before the business of water ever entered collective investment
consciousness. The current trend is more concretely anchored in the
rapidly increasing economic value of water. This value will inevitably
be unlocked as the global population adjusts to the linkages between
human health, economic development, and resource sustainability.

Productivity, Economics, and Ecosystems

Investors understand the paramount importance of productivity as a
measure of economic efficiency. It measures how effectively economic
inputs are converted to output by comparing the amount of goods
and services produced with the inputs that were used in production.
Gains in productivity, that is, the ability to produce more with less, are
a critical source of increased potential income. Productivity perform-
ance is the key to improving living standards. For example, China has
increased its productivity by an average of 20.4 percent over the past
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decade. And that productivity growth has been strong enough to oft-
set not only a rising currency but also higher wages and energy costs.
Rising real incomes in China, and other BRIC (Brazil, Russia, India,
China) countries, is a key to continued economic success. The only
way to sustain increases in per-capita income in the long term is by
increasing the amount of output produced per worker, that is, by rais-
ing labor productivity.

Labor productivity is often the metric used to represent the notion
of productivity and is defined as the ratio of the output of goods and
services to the labor hours devoted to the production of that output,
that is, output per hour of the labor force. Or, stated another way, it
is the rate at which the labor force converts hours worked into out-
put. Under financial analysis, we perceive the human economy as being
constrained only in terms of temporal economic conditions: where
are we in the business cycle, the impact of declining consumer spend-
ing, how interest rates can be used to adjust the business climate, what
impact the price of oil has on inflation, when currency values will
redistribute global wealth, and so on. The scale of the human economy
fluctuates, but it nonetheless expands over time.

The human economy, however, is limited by the flow of resources
within the biosphere. The biosphere does not grow. It may fluctuate,
but it does not expand in the sense that the global economy grows over
time. Consequently, the human economy is getting larger and larger
relative to the Earth’s ecosystem. This reality is embedded in the notion
of carrying capacity (absolute usage) and is central to any attempt
at attaining sustainability (relative usage) with respect to any natural
resource and, in particular, water. The economy must have an optimal
scale relative to the ecosystem.

If we truly want to integrate sustainability into the equation, it
is necessary to incorporate a measure of ecological impacts into the
measures of the human economy. The eco-counterpart to labor pro-
ductivity is “primary productivity”” This somewhat nondescript label
refers to the classification of living organisms on the planet in terms of
energy flow through an ecosystem as “producers” (mainly green plants
and phytoplankton) that make their own food through the process of
photosynthesis, or consumers. By analogy, the producers are the plan-
et’s eco-labor force; all other organisms are consumers or decomposers



26 WATER

(heterotrophs) that depend directly or indirectly on the food provided
by producers.

Carrying Capacity

The gross primary productivity of ecosystems is the rate at which pro-
ducers convert solar energy into chemical energy, or biomass. Net pri-
mary productivity (NPP) is what is left after accounting for the biomass
utilized in the process; it is the planet’s total food resource. As such,
the Earth’s NPP is a measure of sustainability and ultimately puts lim-
its on the number of consumers, human or otherwise, that can thrive
on the planet. Studies have estimated the potential global NPP that is
being appropriated by humans.'? And the results are not encouraging.
A detailed, geographic accounting showed large regions of the world
where the human appropriation of NPP is between 60 and 100 per-
cent of natural productivity.’ Homo sapiens, being only one of over 2
million known animal species (with many more unknown), exact an
immensely disproportionate share of the Earth’s resources. Exponential
population growth, economic growth, and biomass-based energy
sources will only accelerate the impact of human activities. The availa-
bility and distribution of water is a key determinant in calculating eco-
system NPP. The human appropriation of water resources (including
exploitation, depletion, or degradation) has a staggering impact on the
biosphere. The ultimate limitation on carrying capacity is the impetus
for many aspects of water resource management and a driving force
behind many water investments.

We can learn much on the micro scale by paying more attention to
the macro scale. On a planetary scale, the hydrologic cycle is, by defini-
tion, always in equilibrium. There is a fixed amount of water on Earth
that recycles in a closed system. Left to its own devices, the hydrologic
cycle purifies water naturally, maintaining an equilibrium that is capa-
ble of sustaining life. Soils filter surface water infiltrating to aquifers of
groundwater. In the United States, more than 50 percent of the wet-
lands that recharge and purify groundwater have been destroyed. Water
is also purified as it changes phases. As the surface of saltwater begins to
freeze (at 28.6°F for seawater of normal salinity) the salt is frozen out in
a process known as brine rejection. But interject accelerated demands
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on water through population growth, and limit the accessible supply
of freshwater through degradation, and the equilibrium quickly disap-
pears. It is at this inflection point that we find ourselves.

Nothing on the planet is untouched by water. There is a massive
amount of information being accumulated and reported about the global
water condition. Not to be critical, but the vast majority of the infor-
mation is more productive as data than knowledge. Beyond the molec-
ular level, the basic question that must be addressed is: How exactly
should civilizations characterize water?






Chapter 3

Public Good,
Commodity, or
Resource?

ater is characterized in many ways: “precious resource,’
“blue gold,” “the o1l of the twenty-first century,” “vital com-
modity,” and so on. While these descriptions may have head-

line value, they offer little practical guidance for addressing and solving wa-
ter issues. That is all well and fine with the latitude afforded mainstream
journalism, but at best these labels lack nuance and at worst they inhibit
market-based solutions to the problem. If water is vital and, as such, a
public good, then the implication is that governments must intervene to
provide equitable distribution. However, if it is truly a commodity, the im-
plication is that market forces alone can readily provide optimal allocation.

Such a discussion might sound like a preoccupation with semantics.
In fact, the proper description of water as a public good, a commodity,

29
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or a resource is not only critical to the sustainable management of the
planets water but underlies the fundamental premise from an invest-
ment perspective. The reality is that while water is one of the most
basic and simplest of molecules essential for life, it is also exceedingly
complex—physically, economically, and, certainly, politically.

What Is Water?

On a societal level, water must be defined in a way that facilitates water
resource management decisions.

Some economists argue simply that water must be defined either as
a social (public) good or a private good. It is precisely the language we
use to describe water that determines how we address the numerous
complex issues. Unbeknownst to most water investors, the distinction
is critical. It goes to the very root of the economics associated with the
provision of water and the resulting abundance or paucity of market
opportunities. Further, the distinction is a common thread that weaves
its way through virtually all of the ensuing discussions related to the
many facets of the water industry.

The Right to Water versus Water Rights

It 1s important to address the notion of a human “right” to water. How
far should we go in insisting that water, and healthy water in partic-
ular, is a basic right for every person on Earth? The issue cannot be
summarily addressed and discarded. Nor can it be so preoccupying as
to ignore the economic value of water. My view is the human right to
water trumps the “invisible hand” of the free market, but, at the same
time, elevating water to a human right must not paralyze what needs
to be done to achieve water resource sustainability. And the fact is that
sustainability requires an element of market influence.

Water Rights

At least in definition, the private ownership of water (namely, water
rights) is diametrically opposed to the right to water. Practically speak-
ing, however, the two extremes can, and must, eventually be reconciled.
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And, in fact, it is the inevitable reconciliation of these seemingly opposite
doctrines that creates one of the potentially most significant investment
opportunities of the second half of the twenty-first century and beyond.

Water rights are a highly specialized type of real property. While the
holders of water rights include governments, public districts, and mutual
companies, it is the private and investor-owned water right holders that
most often draw disdain from those focused on the human right to
water. Of all the aspects of a market-driven approach to the provision
of water, none epitomize the concept as blatantly as water rights. But
because the private ownership of water can be made intrinsically less
marketable than others due to the legal way in which it is defined, there
1s a paradoxical imposition of governmental will as dictated by the ide-
ology of lawmakers. In other words, even a private ownership right can
contain the trappings of a social good. For example, any restriction on
transferability is a restriction on efficiency. The ideal criteria for drafting
water rights will be explored in greater detail in the broader context
of water marketing. For now, suffice it to say that water marketing is an
area with far-reaching investment potential and is a dynamic compo-
nent of the water business that investors must monitor closely.

Water as a Public (Social) Good

There is no such thing as a list of products or “goods” that fall neatly
into the category of social goods. Inclusion is, generally speaking, one
of default. If a good cannot be provided through a market system, then
it is a social good that must be provided by the public sector. In this
context, the word cannot refers to either complete market failure or an
inefficiently functioning market. Obviously, the determination of any
given market “failure” is highly subjective and open to debate. As such,
perhaps it’s more instructive is to start with the premise that some role
of government is a given, with the exact role determined by the pre-
vailing political and/or social ideologies in the relevant community.
When it comes to the provision of water, it is especially easy to
extend this macro construct to the micro level, or, stated differently, from
the global to the local level. As a budding resource economist designing
water rate (tariff) schedules for municipalities, the first thing I learned was
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that even the most sophisticated econometric models could not overcome
a political agenda. To politicians, water rate models are the equivalent of
black-box quant funds; they work well when they produce the results
that you want, but events at the margin are to be discounted as too many
standard deviations from reality. For economists, however, everything hap-
pens at the margin. But try explaining the marginal cost of providing
water to the local member of a private golf course, for example. All of a
sudden, the price of membership is irrelevant and water is a social good.

Historically speaking, much of the fervor associated with water
results from a belief that water is somehow unique—so unique that
it warrants governmental direction rather than being subjected to the
perils of private ownership and the discretion of the “invisible hand.”
The allocational shortcomings of both the prior appropriations and
riparian water rights doctrines in the United States result from the lack
of institutional development justified by the uniqueness of water. The
prevalence of government in water reflects the notion that decentral-
ized decision making with respect to the allocation of water does not
ensure the optimal distribution; that is, water is a public good. From
there, political and social ideologies take root. One particular prob-
lem with viewing water solely as a public good (and especially a glo-
bal public good) is that it falls somewhere in between oil and air on
the exclusivity spectrum. If I consume a gallon of gasoline, you cannot
consume that same gallon. As I breathe air, however, my inhalation does
not impact your ability to also do so. Water has characteristics of both
rival consumption and nonexcludability. That’s a problem, but one that
would resolve itself if water were truly a commodity.

Water as a Commodity

When water is analyzed in the context of a commodity, it is important
to realize that the current discussion is not focused on water as a com-
modity class but whether water exhibits the economic characteristics of a
commodity, particularly in regard to pricing. (Notwithstanding, the asset
class issue is very important to investors and deserves a separate discus-
sion after a greater understanding of the water industry.) A commodity
is a largely homogenous physical substance that is interchangeable with
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another product of the same type, traded principally on the basis of
a bulk price determined by supply and demand in an open market.
Based on that definition, water is nowhere near a commodity. Indeed,
at this point in the development of the water industry, it is almost the
antithesis of a commodity; treated water is not homogenous (and even
raw water is not fungible), there are no substitutes, there are few mech-
anisms to establish an equilibrium-driven price, and there is no spot
market for water. Nonetheless, there are many economic forces at work
that are driving water into becoming more and more like a commodity.

As the cost of water rises, water becomes like other economic goods
(as opposed to public goods) for which there are supplies, demands, and
a pricing and marketing structure to balance the supplies and demands.
This transformation is what is referred to as the “commoditization” of
water. The market economy serves to efficiently allocate resources in the
provision of private goods. Consumers bid for what they want to buy
and thus reveal their preferences to producers. The catalyst for change is
the inevitable upward adjustment in the cost and price of water.

I am not implying that a much higher (true) cost of water is the
panacea of global water issues. If water were a commodity, conventional
wisdom would imply that the price would decline as more is provided.
This was the premise behind the now antiquated use of declining block
rate schedules in charging for water usage. The water utility indus-
try sought to apply the principle of economies of scale in water pric-
ing by charging a lower per-unit (gallon or liter) rate as consumption
increased based on the traditional notion that fixed costs were being
spread over greater numbers and, therefore, the price should decline
in accordance. This is all well and fine if the cost base is adequately
calculated, but if it does not include an element of scarcity, or increas-
ing marginal costs of supplies, then the true cost will not be recovered.
Such is the position in which water utilities find themselves, having not
charged for “replacement” value and, therefore, not accommodating the
massive requirement for upgrades to the point where we now have a
trillion-dollar infrastructure spending gap.

Water as a commodity also assumes that there 1s a firmly
entrenched market for water that acts in accordance with market forces
to achieve equilibrium in supply and demand. The commoditization
of water has enormous implications for investors. The market signals
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contained through a market price impact the entire water industry,
from the relative feasibility of desalination to the need for real-time
metering, to privatization, to reuse and, ultimately, to sustainable water
use. Molecular water may be a commodity but clean water certainly
is not. And clean water is the problem. Accordingly, at this stage in the
development of the global industry, water, in all of its forms, must be
viewed as a resource subject to the principles of resource economics.

The Answer: Water as a Resource

When you look at the schematic of the Earth’s water budget, two things
become glaringly apparent. First, the amount of easily accessible surface
water is only a tiny fraction of the total amount of water available on the
planet. And, second, water is not homogenous; it comes in many forms.
There is seawater, brackish water, groundwater, surface water, glaciers,
and so on. And not even taken into account are “alternative” supplies,
such as reclaimed water, conserved water, and “greywater.” Each is a
resource with its own particular characteristics—depletable, renewable,
recyclable, replenishable, or any combination thereof.

Resource Economics

It must be remembered that the classification of water determines how it
is allocated to address the global water challenges. Efficiency in allocat-
ing water depends on the proper framework. For example, with respect
to the allocation of surface water among competing water uses, the dic-
tates of efficiency are clear. As economists explain, surface water should
be allocated so that all uses derive an equivalent marginal net benefit.

If marginal net benefits are not equalized, it is possible to
increase net benefits by transferring water from those uses
with low net marginal benefits to those with higher net mar-
ginal benefits. By transferring the water to the users who value
the marginal water most, the net benefits of the water use
are increased; those losing water are giving up less than those
receiving the additional water are gaining. When the marginal
net benefits are equalized, no such transfer is possible.’
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Tom Tietenberg’s theory does not reflect how water is allocated
in practice. Instead, allocation is skewed by government definitions of
property and by the lack of a market price designed to bring supply
and demand into equilibrium.

“Unfortunately, water management and water-related institutions
seldom achieve either a separation between fact and value or the
assignment of responsibility for making these two different kinds
of judgments to those best qualified to make them.”? This is not the
process-oriented enchantment with the free market that it appears to
be. Indeed, an overemphasis on prices and markets could contribute
more to the preservation of artificial scarcity than to the elimination
of supply inefficiencies. This 1s simply the recognition that the current
institutions governing the allocation of water resources are not based
firmly on economic principles of efficiency.

The distinction between water as a public good, a commodity, or
a resource underlies the framework by which we can properly address
the efficient or inefficient allocation of water. Military defenses are dis-
tributed based on political ideology, oil is allocated based on price, and
water is in that transitional stage where allocation and distribution are
both required. Water is a resource that must be influenced by mar-
ket forces within the context of a proper institutional (governmental)
framework.

Water Pricing

I alluded to the inherently political nature of the vast majority of
municipal water governing institutions. In the water rate design business,
we adopted an occupational variation of a familiar tongue-in-cheek
expression: “There are two things that you do not want to see being
made. One is sausage and the other is water rates.” Ideally, a forward-
looking water pricing theory provides a class-specific cost-of-service
model that charges consumers of a particular class (e.g., residential,
multifamily, commercial, industrial, irrigation) in accordance with the
particular and unique marginal costs that their consumption imposes
on the water system. In reality, the most elaborate cost-of-service
econometric models are no match for the subjectivity of an elected
municipal water board seeking to appease disparate classes of water
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users. Whether a golf course, irrigation district, residential user, or small
business, the special interests must be appeased in order to get con-
sensus on any water rate hike. The political furor that accompanies the
derivation of water rates is something to behold. I highly recommend
that readers attend the next hearing by the local water company as it
seeks the required public comment on water and wastewater rate hikes.

In my early days as a resource economist, I conducted an empiri-
cal study that was designed to estimate the residential demand curve
for water. That’s economist-speak for determining if the price of water
influences demand. In one instance, I concluded that the price of
water in a particular location was simply too low to affect consumptive
behavior. Judging by the political furor that often accompanies water
utility pricing policy, it is often not clear just how economic principles
are to be applied to water resource problems. The water rate sched-
ule is not only the price tag for water but also a reflection of broader
goals and policies of those involved in rate making. It is this aspect that
permeates the view that water is a “public good” that cannot be pro-
vided for through the market system. And, as the theory goes, if there is
no market mechanism to determine equilibrium, then it generally falls
upon the government to dictate optimality.

Equimatrginal Value in Use

Economic principles of resource allocation dictate that when costs are
incurred in the acquisition and transport of water supplies to custom-
ers, the principle of equimarginal value in use is combined with the
principle of marginal cost pricing. Additional units of water can always
be made available by expending more resources to acquire and trans-
port it at a certain, albeit probably unacceptable, marginal cost. The
question of where to stop increasing the supplies made available is then
added to the question of how to arrange for the allocation of the sup-
plies in store at any point in time. On efficiency grounds, additional
units should be made available as long as any customers are willing to
pay the incremental, or marginal, costs incurred. To meet the criterion
of equimarginal value in use, however, the price must be made equal
to all customers within a class served under identical marginal cost
conditions. Marginal cost pricing is widely touted in the water supply
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industry, but few water utilities actually incorporate it into their rate
schedules. Concerns over revenue stability and equity often prevail over
the logic of charging for the true cost of service. It is precisely because
of practical considerations such as location, use patterns, type of service,
and so on, that the marginal costs of serving all customers will not be
the same.The consumption characteristics of residential customers indi-
cate that the real price of providing water must increase to reflect the
true costs associated with the particular patterns of demand imposed
on the system. This concept encourages change in water pricing as a
conservation method.

While the regulatory setting indicates that the real cost of providing
water will rise, the conservation trend virtually guarantees it. The use of
pricing in particular has a dramatic effect because it links the supply
and demand for water. As this occurs, the alternatives to the way we
traditionally obtain water—from the tap—become attractive. So, in
addition to nonprice considerations (quality concerns) that are cur-
rently driving the market for tap water substitutes, price will reinforce
the shift in demand. The answer, then, to the original question as to
who will benefit from the conservation of water is that point-of-use
treatment technology will gain. The reason for the reluctance of the
water supply industry to implement exactly what they espouse then
becomes clear.

The transition to a market solution started as the institutions set up
to deal with water as a public good failed to provide an efticient alloca-
tion of the resource. As increases in water use depleted easily develop-
able supplies, more costly additional supplies were sought. As the costs
of water increased, water resources became more like other economic
products for which there are supplies, demands, and a pricing and
marketing structure to balance the supplies and demands. Consumers,
suppliers, and regulators now are recognizing that water is a complex
resource—legally, hydrologically, and economically.

The real price of water is poised to rise significantly after decades
of decline due to several factors. First, water is still a highly regulated
industry, which imposes significant costs. Second, traditional rate struc-
tures that were set artificially low will require a catch-up in rates to ade-
quately replace existing facilities. Third, the scarcity factor inherent in
water resources is being incorporated into the supply component of the
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price of water. And, finally, the increasing importance of water-related
technology as a response to water problems will require economic
incentives to encourage their adoption. Pricing will provide the mecha-
nism to shift from managing supply to managing change. Water price
increases have historically fallen well short of even inflation, let alone
true marginal cost increases. And while that is changing across the world
as one locality after another has implemented drastic rate increases, espe-
cially in wastewater, double-digit increases are likely to become the
norm for many years until the funding gap begins to narrow appreciably.

The water industry is like all other industries that must respond
to change. Technological, environmental, social, and regulatory changes
in the water industry operate to influence the way in which water is
provided. As the real price of water rises to reflect the true economic
and environmental costs associated with providing it, water utilities will
be under substantial political pressure to offset price increases through
economic efticiency. As efficiency considerations enter into water pric-
ing, traditional services will be undertaken by new participants seeking
to isolate and contain costs. The commoditization of water, then, will
facilitate the unbundling of services within the traditional structure of
the water industry. Markets (prices) reconcile the difference between
what is wanted and what is available. Governments reconcile the dif-
ference between what is available and what is needed. The former allo-
cates, the latter distributes.

Accordingly, the water industry likely will be segmented by value
added criteria whereby new participants, or existing players in new
roles, will provide an unbundled service. One example is privatiza-
tion. With total annualized water quality costs expected to reach $87
billion by the year 2010, there will be an incentive for cost contain-
ment as well as the transfer of new water-related technologies to the
marketplace. Water quality expenditures are driven primarily by pri-
vate spending for the control of industrial effluent discharges and
the pretreatment of wastewater, and by local government spending
for the construction and operation of treatment facilities. As such, the
ways in which economic change translates into investment opportunities
are related to the financing mechanisms necessary to fuel the transition.

Just what form will this capital transformation take and what are
the investment ramifications? Any time there is a structural change in
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an industry caused by shifts in the economic fundamentals there is a
huge potential for corresponding economic gain. We can look to other
industries for guidance. The rationing of health care led to overcapac-
ity in hospital beds and resulted in massive consolidation of the hos-
pital management industry. Commercialization in the biotechnology
industry generated substantial growth and investment opportunities.
Regulatory upheaval and oversupply in the natural gas industry led to
the unbundling of services.

It is accurate to say that scarcity, pollution, or subsidization are not
problems in regard to our water resources. The problem is an economic
one. It is clear that the institutions sanctioned entirely by operation of
government have failed to allocate water in an economically efficient
manner. Instead, water should be treated like other private goods for
which there are supplies, demands, and a pricing and marketing structure
to balance the supplies and demands. As this complete transition will
take many decades, the notion of water as a resource takes on an
extremely attractive allure, especially for investors desiring to capital-
ize on the investment potential of water within their lifetime. Moving
from the price of water to the cost of providing clean water is a dis-
connect that must be addressed. Estimates of the global costs associated
with meeting demand are staggering and provide a backdrop to the
enormous investment potential.






Chapter 4

The Cost of Clean Water

he number of estimates pertaining to the global cost of clean

water 1is as staggering as the actual estimates themselves. Inter-

national organizations seeking to fulfill their humanitarian or
economic mandates, regulatory bodies complying with governing legis-
lation or nongovernmental organizations (NGOs) with their particular
agendas, all provide statistics that frame the water industry. The metrics
describing the water industry can be couched in terms of funding, costs,
needs, market size, or any other descriptor that puts a price on our global
water problems. Dollar amounts can be linked to specific regulatory
requirements, infrastructure “gaps,” emerging country needs, water
industry sectors, market size, treatment methodologies, and so on. If there
is a way to graphically demonstrate that we are now ascending the expo-
nential slope of monetary resources needed to protect a natural resource,
it has been done. The slope keeps getting steeper, the estimates bigger,
and the time horizon longer. Just like the world population clock, the
aggregate cost of meeting the myriad water demands of the living planet
continues to rise.

41
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How Big Is the Universe?

Like many other questions fraught with theoretical perplexity and lim-
ited practical application, an estimate of the global cost of clean water
does, nevertheless, serve a purpose. In analogous fashion to inquiries into
the size of the universe, the sheer scale of the global water industry is the
greatest impediment to deriving an answer; it is simply too extensive to
be viewed in a composite manner. (Indeed, this is the basis of the notion
that the water “industry” is somewhat of a mythological construct.)

So, what is the cost of clean water? For our purposes here, clean
water refers to the costs associated with the full spectrum of water,
wastewater, stormwater, recycled water, and so on, and all related activi-
ties and applications. Subsequent discussions will generally differentiate
by sector or subsector in order to isolate the costs, needs, spending,
or market size and thereby achieve greater precision in the analysis of
investment opportunities; for example, spending on desalination, the
cost of the arsenic regulations in the United States, the size of the mar-
ket for ion exchange resins, rehabilitation infrastructure needs, and so
on. But from this initial high-level perspective, cost is equivalent to the
introductory requirement that water is both a prerequisite for life and
for living. And, obviously, costs on one side are revenues to the other.
Therein lies the motivation for investing in water.

The Global Cost of Clean Water

The process here reminds me of a project that I was assigned in a high
school physics course. The exercise was to calculate the number of
grains of sand on Earth. Clearly, the lesson was not in the answer but
in the process. And that exercise instilled in me the notion that any-
thing ineffably large can still be estimated. But, of course, the outcome of
extrapolation is sensitively dependent on the accuracy of the initial condi-
tions. It must be emphasized, therefore, that the approach used to present
the magnitude of the global cost of clean water is not based on inde-
pendent empirical research but gleaned from a survey of the literature.
The total cost of clean water is derived through the combina-
tion of major reports on global water conditions. The Organisation for
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Economic Co-operation and Development (OECD) provides cost esti-
mates for global water infrastructure and water-related services in the
update to its Infrastructure to 2030 report.! However, it includes total
projected needs only for the 20 OECD members plus Brazil, Russia,
India, and China (the BRIC countries). The total cost of clean water
in the OECD and BRIC countries for the period 2008 through 2025
is projected to be $14.8 trillion. (Many water industry analysts provide
longer time horizons of questionable worth. The convention for our
purposes will extend to 2025.) As noted, the OECD report intention-
ally does not include non-OECD countries other than those specifically
added to the calculation. This excludes portions of Latin America, South
America, Central Europe, Asia, and Africa and the Middle East com-
pletely. Granted, with the inclusion of the BRIC countries, a significant
gap 1is filled. But the plight of other developing countries with much
less means is a critical part of the global water equation and cost.

The World Health Organization (WHO) prepared a study” that
estimated the costs of attaining the water supply and sanitation target
of the Millennium Development Goals (MDGs). The MDGs are geared
to developing countries where waterborne diseases are epidemic and a
major heath issue. The WHO study provides a phenomenally detailed
baseline of cost estimates that can be added to the OECD numbers.
Target 10 of the MDGs is to achieve, by 2015, a 50 percent reduction
in the proportion of the global population without “sustainable access
to safe drinking water and basic sanitation.” The two key compo-
nents of the study contained in that mission statement are the halving
of the proportion and the equivalence of “people without access” to
“developing countries.” Thus, the study estimated water and wastewa-
ter spending required to meet the target in developing countries, which
WHO summarizes into 11 developing country subregions comprised of
about 160 countries. Another unique feature of this report is that it explic-
itly accounts for the costs of maintaining existing coverage levels, thereby
quantifying total costs rather than focusing on marginal costs, incremental
expenditures, or spending gaps, as most clean water cost estimates do.

The OECD and WHO reports have some inherent overlap. The
OECD report includes Russia, India, China, and Brazil, countries that
are non-OECD and subject to the MDG target. The WHO report,
however, is structured by developing country subregions and can
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include any country (OECD or non-OECD) in the subregion, whether
or not it is currently meeting the MDGs. And it is clear from the WHO
numbers that the “big” (BRIC) economies are included in the cost esti-
mates since approximately 90 percent of the projected population of
non-OECD regions is represented. Taking these factors into account,
adjusting for full attainment of the MDG target, and utilizing a more
likely WHO scenario above the base cost case, yields an incremen-
tal cost to the OECD study of about $1.1 trillion for the period 2008
through 2025. Adding the two estimates, the magnitude of global water
costs beginning with 2008 through 2025 is projected at $16 trillion.

The purpose of the lengthy description of the derivation of the glo-
bal estimate of aggregate water spending requirements through 2025 is
twofold: (1) to convey a sense of the magnitude of our water challenges
and the institutional interest in providing quantitative tools to evaluate
them as a call to action, and (2) to somewhat desensitize the reader to
large numbers such that sector and subsector market size or spending/cost
estimates will take on added precision from an investment perspective.

Given the shorter time frame (18 years) and the rigor of the underly-
ing studies in accounting for not only future incremental needs, but also
the costs of maintaining existing coverage levels (i.e., the cost of oper-
ating, maintaining, monitoring, and replacing existing infrastructure and
facilities), the estimate of roughly $16 trillion ratchets the cost of water
up further. This figure equates to about $830 billion per year, indicating
a significant gap between current water industry revenue estimates and
what, at a minimum, must be spent on water. I say minimum because
there are significant areas where water cost estimates fall woefully short
of reflecting the reality of water in the twenty-first century. These catego-
ries could easily add a multiple of 1.15 to the global water cost estimate
above. And, ironically, as the emerging dialogue in water, these catego-
ries actually represent some of the areas of greatest investment potential,
which should become apparent from subsequent discussions. Based on
a “developed” versus “developing” country dichotomy, the following are
examples of critical omissions in most cost estimates.

Developing Countries
* Marginal cost of new water supplies
* Distribution and storage systems
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* Low estimates for the next BRIC countries (i.e., the LAACE
regions—Latin America, Africa, and Central Europe)

* Financing costs

* An accumulating spending shortfall

Developed Countries

* Marginal cost of water supply (scarcity)

* Impact of advanced regulatory phase

* Integrated water resource management (sustainability)
* Financing costs

* An accumulating spending shortfall

In addition to critical omissions in many global water cost estimates,
and less than robust simplifying assumptions, there is often a great deal
of confusion with respect to time horizons. While there is an unavoida-
ble lag in data collection, analyses, and projections, the accuracy of time
series data presentation with respect to stationarity assumptions is an
increasingly relevant problem, especially in relation to the overlay of cli-
mate change realities.

Stationarity refers to a foundational concept in water resource
engineering and planning relative to managing the natural variation in
hydrologic variables. Critical variables such as annual stream flow, snow-
packs, or flood peaks are assigned a probability density function based
on historical experience. Anthropogenic impacts on the hydrologic
cycle usurp the accuracy of established stationarity assumptions and can
radically alter both the cost of all stages of water infrastructure spending
and regulatory compliance.

The benefit side totally defies comprehension. While education,
income generation, health care savings, and productivity gains are quan-
tifiable, the value of human life (deaths averted), human dignity, and
ecological sustainability render objectivity impractical. As a proxy, investors
can acknowledge the WHO cost-benefits report® that estimates, depend-
ing on the region of the world, that economic benefits can be valued in a
range from $3 to $34 for each dollar invested in improved drinking water
and sanitation. According to the report, the return on investment is highest
in developing regions where substantial benefits are derived from the time
saving associated with improved access to water supply and sanitation.
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From the Whole to the Parts

Given the enormity of the expenditures required to meet the demands
placed on water resources, it is constructive to examine the costs asso-
ciated with individual aspects of the provision of water. Dissecting the
costs associated with global water requirements indicates that investors
need to take advantage of the dynamics of the water industry. There are
four points to be made as the global water costs are dissected:

1. No matter what type of water estimates are involved (global, coun-
try, technology, function, product, service, regulation, etc.), there is
always some strategic investment information contained therein.

2. It is important for investors to understand the implications of the
way that costs are broken down.

3. Assuming that ultrafragmentation of the global water industry is an
inherently inefficient structure, the way that costs are unbundled
and then consolidated will drive many water investment themes.

4. The presentation of specific cost breakdowns forms the investment
framework for judging the relative potential of water companies
that operate in various segments of the industry.

Costs by Needs

According to the Environmental Protection Agency (EPA),* the
documented investment needs of publicly owned treatment works
(POTWs) in the United States is $202.5 billion. These needs consti-
tute the capital investment necessary to meet the wastewater treatment,
wastewater collection, stormwater management, recycled water dis-
tribution requirements, and all related appurtenances of POTWs.
A POTW i1s owned by a state or municipality. The nomenclature is
particularly important here. The term publicly owned does not equate to
publicly held in this context.®

The delineation of costs in this particular report focuses on the
United States, municipal utilities, the wastewater segment, and docu-
mented needs. Accordingly, investors can see just how large the costs are
based on one very narrowly focused analysis. The requirements outlined
in the needs survey are categorized as shown in Table 4.1.
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Table 4.1 POTW Spending Needs by Category

Needs Category Total Needs ($B) Total Needs (%)
Secondary wastewater treatment 44.6 22.0
Advanced wastewater treatment 24.5 121
Infiltration/inflow correction 10.3 5.1
Sewer replacement/rehabilitation 21.0 10.4
New collector sewers 16.8 8.3
New interceptor sewers 17.2 8.5
Combined sewer overflow correction 54.8 271
Stormwater management programs 9.0 4.4
Recycled water distribution 4.3 2.1
Total 202.5 100.0

As an example of how these reports are used to drive investment
decisions, it should first be noted that spending on wastewater treat-
ment in the United States is increasing faster than drinking water
treatment. In addition, while the number of people served by facilities
with secondary treatment increased only moderately, the portion of
the population provided with advanced wastewater treatment increased
dramatically. While somewhat anecdotal, in addition to reinforcing the
relative investment weight to be afforded to treatment companies, it
further refines the search to wastewater and points out several niche—
but growing—markets in stormwater management and combined sewer
overflow (CSO). Stormwater expenditures reflect the implementa-
tion of the National Pollutant Discharge Elimination System (NPDES)
Stormwater program. Further, CSO-documented needs comprised the
single largest category at 27.1 percent of the total. CSO expenditures
accentuate the additional treatment capacity for handling wet-weather
flows, a particularly timely category in the advent of climate change.
The new category of recycled water distribution points to the need for
greater recycling and reuse in the tool kit of alternative water supplies.

Regulatory Costs

No matter how it is expressed, the regulatory cost of providing clean
water is staggering, and the financial ability of water suppliers to com-
ply with stringent standards has created mounting public concerns
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over water quality. That the cost of providing clean water will rapidly
increase is not the issue. The challenge to the water industry is to deter-
mine how the economic shifts resulting from increased water prices can
be minimized.

The Total Maximum Daily Load Program. An example of the cost
of a specific regulation is informative. Because the EPA is very proactive
in publishing cost data, this illustration is based on U.S. regulations.
The Total Maximum Daily Load (TMDL) program is designed to accel-
erate the achievement of water quality for the 40 percent of water bodies
in the United States that do not meet the standards that have been set for
them, even after point sources of pollution have been controlled to the
minimum levels required. The EPA indicates that this amounts to over
20,000 individual river segments, lakes, and estuaries. These waters include
approximately 300,000 miles of rivers and shorelines and approximately 5
million acres of lakes polluted by sediments, excess nutrients, and harmful
microorganisms. According to the EPA, 218 million people reside within
10 miles of these impaired waters. Section 303(d) of the Clean Water Act
requires that a comprehensive list of impaired waters along with its pollu-
tion limits (TMDLs) be prepared.

A TMDL is an analysis that specifies the maximum amount of a
pollutant that a body of water can receive and still meet the applicable
water quality standards. Because a TMDL sums contaminant wasteloads
from all point sources (industrial and municipal dischargers) as well as
nonpoint sources (agricultural and urban runoft), they are increasingly
becoming critical watershed planning tools. As such, TMDL regulations
dovetail with broader water resource management, source water pro-
tection, and stormwater management goals. Further, these calculations
enable watershed-based permitting under the NPDES, which governs
wastewater discharges.

The TMDL program is an important, yet very specific, part of the
Clean Water Act’s institutional framework. Even with such a targeted
initiative, the EPA estimates that the cost to develop a cleanup plan for
all impaired bodies of water will cost $1.04 billion. On top of that, fully
implementing the program (installing preventative and treatment meas-
ures) will cost up to $4.3 billion annually. These costs will be borne
primarily by dischargers. The beneficiaries will be the water resource
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engineering and consulting firms and wastewater treatment companies
that will find in the TMDL program another application for their tech-
nologies. As a note, this $4.3 billion is a tiny fraction of the current
expenditures for clean water in the United States.

The Transition from Cost to Price

Any time there is a structural change in an industry caused by shifts in
the economic fundamentals, there is a huge potential for corresponding
economic gain. We can look to other economic transitions for guidance
in the future: the rationing of health care, leading to overcapacity in hos-
pital beds, resulted in massive consolidation of the hospital management
industry; increasing commercialization in the biotechnology industry
has generated substantial promise; regulatory upheaval and oversupply in
the natural gas industry led to the unbundling of services; information
technology represents the merging of previously distinct technological
industries; and more. The inevitable upward adjustment in the cost, and
therefore the price, of water is one catalyst for change in the industry.
It 1s this promise of change that creates the unprecedented investment
opportunity of the twenty-first century—the business of water.
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Chapter 5

The Business of Water

he water business is the third-largest industry in the world,

behind oil and gas production and electricity generation. It is the

aggregation of all activities that have water as an output, a defin-
ing factor as an input, or in addressing the relationship between the two.

Nonetheless, the water industry is ill defined and ultrafragmented,
comprised of companies characterized as cottage businesses to global
multibusiness behemoths. The business includes everything from a level
transmitter in a sewage pump station to a 250-million-gallon-per-day
cogeneration desalination plant.

Water is transitioning to an economic good, but it is also a resource
with paramount ecological significance. As such, the water industry not
only encompasses all aspects of drinking water and the production of
goods (including food) but also, in an increasingly significant context,
resource sustainability in ensuring the ecological integrity that allows
economic activity to expand in the first place. Providing water that
meets the quality parameters of human consumption, ecological integ-
rity, semiconductor manufacturing, and irrigation, to serve a future
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megacity of a billion people or to maintain the habitat for a single
endangered species portends dramatic change.

Once considered static and mature, the water industry is poised for
massive structural change. The water industry is realigning itself into
strategic groupings based on economic m