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2013 Water Market Review
Growing Awareness, and Growing Risks

A Concise Review of Challenges and
Opportunities in the World Water Market

Steve Maxwell

Despite consistently growing public awareness and recogni-
tion, water continues to be under-appreciated and under-val-
ued. And while the global water marketplace is characterized
by both improving public and technological understanding of
key water issues, the risks and challenges which we face as a
planet will continue to grow if we cannot learn how to think
and act differently with regard to water. By the middle of this
century, the earth will be home to an additional two billion people
- bringing our total population to around nine billion. Finite
food, energy and water resources will come under increasing
pressure by this expanding, aging and more affluent population
- leading inevitably towards the "stress nexus" that many ex-
perts are now forecasting. Water is the critical link in this
series of connections.

Countless pundits and observers have been referring to water
as the "oil of the future" for years now, but our key water
challenges are still widely under-recognized and our behaviors
have not yet really changed. The value of water will rise
dramatically once we start to actually run out of it - but before
then the issue seems destined to remain obscure. We hear a
lot about "disruptive" technologies as a way of shaking up the
status quo, or moving an industry or a society in a new and
different direction. What the water industry needs today is
more disruptive behavior. We need fundamental change in the
way we manage, utilize and view our finite water resources.
As one observer put it this year, "there are really only two
possible solutions to our long-term water problem - find an-
other planet to occupy, or change human behavior." It's not
clear which alternative will be the easier to accomplish.

We always try, in this introductory section of our Review, to
highlight and describe some of the key issues which seemed to
be ascending or emerging during the past year - trends which
are beginning to crystallize or float to the top of the agenda, in
terms of the plethora of challenges faced by the water indus-
try. And almost every year since we started this publication
nearly twenty years ago, we end up highlighting this same trend
or lament - water issues continue to get more attention and
seem to be gradually moving up on the public and political
agenda, but we still must do better. Many of the challenges
and paradoxes that we face in the water market are still attrib-
utable to poor public education and understanding of the is-
sues.

Key amongst these concerns is the underlying and fundamen-
tal concept of the value of water (which we will abbreviate
here to VOW, since we will be using the phrase so often). By
its very nature, any discussion of the "value" or the "impor-
tance" of water tends to be limited to rather broad and whole-
sale generalities. However, there were a number of encourag-
ing and more specific developments this year which focused
increasing attention on the intrinsic value of the water, and the
overall significance of water in the world economy. First, the
U.S. Environmental Protection Agency conducted a sweeping
review and assessment of the importance of water to the U.S.

economy - underlining many of those same trends and chal-
lenges which we annually try to highlight in this report. The
EPA's December 2012 overview report concisely noted that
while at some level we all understand the intrinsic importance
of water, it is difficult to really pinpoint or quantify the value of
water because it depends upon so many multiple dimensions -
"the volume of water supplied, where the water is supplied,
when it is supplied, whether the supply is reliable, and whether
the quality of the water meets the requirements of the intended
use." In other words, when you get right down to it, the very
heterogeneity of water makes it frustratingly difficult to esti-
mate its true value in any given situation. In turn, it's not easy
to evaluate or recommend the "proper" price of water in any
given situation.

In a related and another positive step forward, the World Busi-
ness Council for Sustainable Development (WBCSD) in Geneva
also began extensive work on a value of water project, putting
together a guide for businesses to actually calculate the eco-
nomic value and impact of the water they utilize - and to help
make more sustainable business decisions regarding water us-
age. This project draws upon the WBCSD's earlier report,
Water Valuation: Building the Business Case, and attempts to
"provide business specific guidance that explains the concepts
and techniques associated with water valuation through illus-
trative business applications." The aim, according to WBCSD,
is "not to provide a comprehensive technical methodology that
must be followed, but rather to clarify key concepts and tech-
niques, and give some practical guidance on water valuation."
Hopefully, this will also help to inform a wider audience inter-
ested in water valuation, and begin to facilitate some consis-
tency in terms of the metrics, approaches and terminology that
can be used in the future for water valuation.

In another important domestic development, the CEOs of a
number of major U.S. based water companies joined forces
and teamed up with several major trade associations to focus
anew on better and broader communication of the whole VOW
concept - to try once again to develop a stronger, more unified
and louder voice by which to deliver that message. This initia-
tive - which will be supported by an accompanying set of tools,
media resources and messaging approaches - seeks to com-
bine and unify all the various and splintered individual VOW
efforts, messages and projects into one single voice - and to
get that message in front of the American public and our elected
officials in a much more visible and clear manner. Only by
more fully realizing and appreciating the value of water, will the
broader public be able to understand and accept the need for
rising prices and for massive reinvestment in our public water
and wastewater infrastructure.

The global water technology firm Xylem conducted a public
survey on the VOW during the year that provided some en-
couragement regarding the level of public understanding and
awareness. People seem to be increasingly aware of water
challenges, and most said that it is important for individuals to
be personally responsible for wiser water usage and conserva-
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tion. At the same time, however, the report said that 69% of
American "generally take access to clean water for granted."
More confirmation of the same old story - water issues are
getting more and more attention, but we're still not where we
need to be.

In other critical developments for the water business, we have
once again wrapped up a year which exhibited some of the
most extreme weather events ever seen. The evidence col-
lected this year must again push the skeptics somewhat closer
to acceptance of the existence and inevitability of some sort of
global climate change. Hurricane Sandy impacted some 60
million people across the northeast - where much of the politi-
cal and financial power of the country is concentrated - and
estimates of the likely damage now exceed $50 billion. Chang-
ing weather trends and climatological events continue to con-
found our understanding - and potentially represent a myriad
of huge new water resource challenges - well beyond what we
can do justice to in this brief publication. Suffice it to say that
if weather patterns continue to change as dramatically as they
have over just the past few years, we may begin to find not
only our supply sources, but also our existing water storage
and transmission infrastructure to be woefully inadequate.

From a financial and investment perspective, 2012 saw several
emerging issues and trends. Investment interest in the indus-
try remains high. Most water stocks and water-related invest-
ment vehicles had a fairly strong year, out-performing the overall
market. Venture capital investments in early-stage water tech-
nology companies was very strong during the year. Industry
merger and acquisition activity came roaring back, with a num-
ber of major transactions occurring, and the trend towards
industry consolidation continuing. Perhaps more interesting
(as we will discuss later in the report) the valuation levels in
many of these deals started to climb back to the stratospheric
levels experienced during the acquisition hey-day of the early
2000s. M&A activity during 2012 clearly demonstrated that
there is no let-up in terms of investment interest in the water
industry.
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In the bond market however, there are growing inklings of
concern about the water industry. Water utility bonds have
historically been considered one of the safest possible invest-
ments available anywhere. But a recent CERES report entitled
The Ripple Effect raised questions about this widely-held be-
lief, and points out that it rests upon two increasingly flawed
assumptions - that demand for water will always continue to
increase, and that abundant water will always be available. Both
of these critical and widely-assumed underpinnings are start-
ing to prove doubtful in some situations. The housing collapse
beginning in 2007, continuing slow economic growth and suc-
cessful utility conservation programs - are actually causing to-
tal water consumption to decline in many areas of the country.
Back-to-back droughts in 2011 and 2012 brought increased
attention to the country's vulnerability in terms of long-term
water availability. Although most municipalities survived, there
were some cities - like Midland, Texas - which not only saw
their water supplies drop precipitously, but which also experi-
enced a corresponding drop in their credit ratings.

The problem is pretty simple. Utilities have to repay the inves-
tors who bought the bonds to finance new water projects,
even if raw water costs go up or if consumer water sales go
down - and utility organizations are starting to see both things
happen. As a result, water utility bonds can no longer routinely
be considered very low-risk investments. Bond ratings may
go down for certain utilities, compounding their already tight
financial predicament by making it more difficult to finance
necessary infrastructure. And this is compounded by a lack of
federal funding, and on-going slow economic growth. The
predicament may be further compounded by climate change
issues, in terms of longer term water availability. This is a
potentially critical long-term economic problem for water utili-
ties, which in the past have always been able to turn to the
bond market for tax-advantaged financing.

Very much in the forefront of the water discussion today in the
U.S. is the need for these same water utilities to radically change
and reorient themselves in various ways. Atthe American Water
Summit in Chicago in November, there was much discussion
around the need for water utilities to better market themselves
and their services to the broader public - to quit acting like
privileged but sleepy natural monopolies and begin to help ham-
mer home the real value of abundant and safe drinking water.
In particular, the large metropolitan water utilities have an im-
portant role to play in supporting the previously mentioned VOW
initiatives, and helping to build the critical public case for in-
creased reinvestment in our decaying water and wastewater
infrastructure.

In the past, when water demand grew steadily as a function of
residential construction and general economic growth, and when
infrastructural assets could be at least funded through federal
grant programs, the public generally believed that clean water
was abundant and cheap. As we've already seen, some of
these historical tenets no longer hold true. The American Wa-
ter Works Association (AWWA) - the main trade representative
of drinking water utilities - has increasingly suggested that the
current situation is not merely a cyclical downturn or aberra-
tion, but that in fact we are facing a "new normal" in the water
utility industry - wherein per capita demand is actually slow-
ing, there is no longer any Federal support, maintenance and
repair of an aging infrastructure is increasingly critical, and
there is a growing recognition of the value of water. The AWWA
continues to emphasize the critical need for water utilities to
reinvent themselves, and devise new approaches to deal with
an increasingly tough financial environment - to develop more
accurate future demand projections, to promote conservation
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at the same time that additional revenues are needed, to set
water prices in a more comprehensive fashion, and so on - all
things that are pretty difficult to do in a challenging economic
environment.

Speaking of reinvention, there was much discussion this year
of one of the greatest inventions of all time - the so-called "S-
bend" toilet - and the pressing need to "reinvent" the toilet.
Although the traditional toilet is credited with the elimination of
numerous diseases and the human health scourges of the Middle
Ages, it's increasingly clear that it is not an effective way to
handle human waste in many parts of the world. We should
not continue to waste the contained resources and nutrients,
and we certainly shouldn't consume so much clean water in
the service of moving human waste around. Policy-makers
have tended to shy away from the problem of human waste
management, says Crown Prince Willem-Alexander of the Neth-
erlands, who works with the United Nations on sanitation is-
sues. "Toilets are simply not sexy," he helpfully points out.

At the Global Water Intelligence conference in Rome early in
the year, representatives of the Bill and Melinda Gates Founda-
tion explained their "Reinvent the Toilet" challenge, and called
for development of the "cell phone of sanitation" - a workable
and mass-producible toilet that does not need to be connected
to a central infrastructure system. Composting toilets, solar
toilets, night soil collection, tiny vacuum trucks to drive through
and collect waste in ghettos, and community-led sanitation pro-
grams (CLSPs) are just some of the approaches being explored
as more effective ways of dealing with human waste manage-

... there are really only two possible solutions to the
long-term water problem - find another planet to
occupy, or change human behavior. It's not clear
which alternative will be the easier to accomplish.

ment. The winning toilet design in the Gates contest uses
solar-power to generate an electrochemical reactor that con-
verts urine and feces into hydrogen gas which can then be
stored to power electric reactors, hence avoiding both the wa-
ter usage and nutrient loss mentioned above. And speaking of
cell phones and sanitation, at the very same conference an-
other speaker pointed out the shocking fact that more people in
Asia now have cell phones than have toilets.

And for those supposedly more developed countries, like the
United States, that are still on the old-fashioned wastewater
"grid," there are vast expenditures that need to be made here
too to sustain that infrastructure - rivaling the order of magni-
tude of required capital investment that we have seen in the
drinking water side of the industry. The EPA has estimated
necessary wastewater infrastructure investments over the next
twenty years at $298 billion, vis-a-vis a similar estimate for the
drinking water infrastructure of $335 billion. For example,
officials from the city of Syracuse, New York, recently indi-
cated that their wastewater fees would have to triple just to pay
for projects that are already approved! We tend to talk more
and hear more about clean water issues, but wastewater issues
are just as pressing, and in fact often represent the most sig-
nificant cost in the water management cycle.

In another emerging municipal trend which drew our attention
this year, the concept of "green infrastructure” is rapidly gain-
ing visibility and acceptance. In some of our major urban ar-
eas, we have paved over so much of the surface that rainwater
no longer has any place to go. Each year, an estimated 10
trillion gallons a year of untreated storm-water runs off roofs,
roads, parking lots, and other paved surfaces, rather than per-

20 Publicly Traded Companies
With Interests in the Water Industry
Revenues Income Market Cap.
Company Symbol $ mils. $ mils. $ mils.
Aegion aegn 1,010 53 908
American Water awk 2,840 381 6,710
Aqua America wir 762 154 3,762
Badger Meter bmi 306 24 695
Calgon Carbon ccc 559 19 909
California Water cwt 542 46 805
Danaher dhr 18,000 2,230 41,933
Franklin Electric fele 873 82 1,582
Gorman-Rupp grc 380 30 638
Layne Christenson]layn 1,140 =77 457
Lindsay Mfg. Inn 579 55 1,200
Middles ex Water msex 107 14 308
Mueller Water mwa 1,020 -5 955
Northwest Pipe nwpx 505 13 213
Pentair pnr 3,530 29 10,674
SJW Corporation |sjw 261 23 492
Valmont Industries |vmi 2,970 284 3,883
Veolia Environne. |ve 39,000 -68 6,081
Watts Water Tech. |wts 1,460 70 1,558
Xylem xyl 3,820 276 5,117

meating into the ground as it did a hundred or two hundred
years ago. Instead of allowing the hydrologic cycle to sustain
our increasingly precious surface and underground water re-
sources, we have unwittingly turned the resource of natural
precipitation into a problem - into a waste that has to be handled
somehow.

That attitude is changing. At a major conference sponsored
by the U.S. Water Alliance in Cincinnati, key utility profession-
als came together to discuss this emerging approach to the
storm-water run-off issue. Green infrastructure - including
green roofs, permeable pavement, rain gardens, urban wet-
lands, street trees, and generally increased green space - can
help address this problem by capturing rainwater and either
storing it, using it directly or letting it filter back into the ground
to restore natural aquifers. When you consider that in many of
our major urban areas as much as 60% or 70% of total surface
area is now paved over and impermeable, the challenge of deal-
ing with a mid-summer thunderstorm becomes pretty clear.
Many cities are now experimenting with creative taxes or "user
fee" approaches such as "impervious area fees" - charging land-
owners with large amounts of impervious areas a special fee to
help pay for storm-water management, or offering credits
against such fees for the construction of localized green infra-
structure.

Just as green infrastructure is perhaps a fancy name for just
trying to let Mother Nature take her natural course, we are
seeing similar approaches in other areas of water resource
management. The agricultural community is also beginning to
take similar "bigger-picture" approaches, and starting to insti-
tute more sustainable systems for water management and con-
servation. More holistic thinkers are starting to view the land
itself as a natural water reservoir, and trying to create systems
to maximize the "sequestration" of surface waters into the
ground. Farmers are starting to view themselves as not only
crop or livestock producers, but also as watershed managers.
All of these more innovative types of approaches and thinking
are simply based upon the concept of protecting, promoting
and mimicking natural systems, rather than seeking to destroy
them, or to work counter to the natural hydrologic cycle. Ten
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or fifteen years ago, this type of approach might have been
considered "fringe" thinking on the part of a few tree-hugging
environmental radicals; today it is increasingly the business
mainstream.

Along a similar vein, it was widely noted that the Clean Water
Act celebrated its 40th birthday this year. Forty years ago,
many of the items and requirements within the Clean Water Act
were considered pretty fringe - or revolutionary and extreme.
But since the Clean Water Act, and many of the other pieces of
key legislation that were passed in the late 1960s and early
1970s, there have been vast and well-documented improve-
ments in the quality of our surface waterways and broader
environment. And from a financial perspective, the commer-
cial environmental industry today is a $300 billion business
employing 1.7 million people. What does this imply about how
financial investors or business people should view fringe envi-
ronmental radicals today? There are probably a lot of ideas
there that we should all be considering more seriously.

Related in some ways to the concept of green infrastructure, is
a new and emerging interest in "micro-hydropower." This in-
volves squeezing whatever energy we can out of falling water
- water falling through distribution pipelines, over weirs, through
irrigation canals or out of the thousands and thousands of small
dams which we have in this country. Moving water is an
under-appreciated source of energy; we hear a lot about the
huge energy costs of moving water up and over hills and through
neighborhood distribution systems, but we are only beginning
to think seriously about capturing the energy contained in that
water when it flows down the other side of the hill.

Another definitely ascending sector of the global water mar-
ketplace involves the "smart water" or "smart grid" area - an
analogy to efficiency and conservation gains that were devel-
oped over the past couple of decades in the electric power
utility business. The capability to monitor and track water
movement and usage on a micro level is leading to all sorts of
potential efficiency gains; smart meters can alert residential
users when their water consumption looks abnormal and warn
of a potential leak in the system somewhere. Smart pipes -
pipes outfitted with in-line sensors that can sense what is going
on inside them - may someday become commonplace in pro-
cess applications, so that industrial water users can keep track
of water quality and quantity parameters in their treatment sys-
tems on a real-time basis. The Smart Water Network Forum
- an emerging industry group - describes the concept in the
following way. "Online water monitoring is the use of data
transmitted from network elements, meters and sensors for
gaining operational knowledge and insight. The availability of
cheap, easy-to-use data technologies, as well as external pres-
sures on the water industry, means that water networks will
see much greater sensor and controller density, and inevitably
a more central role for all the data systems built on top of
them." In short, smart water networks can improve the effi-
ciency, reliability and life of the physical water distribution in-
frastructure by means of better monitoring, data collection,
and data analysis. The Smart Water concept seems certain to
make a major future contribution in the broader effort to pro-
vide sustainable, affordable and clean water - and this whole
sector is currently the subject of intense technological devel-
opment and investment interest.

Discussions about the national security implications of water
are also being heard more frequently. A report from the Na-
tional Intelligence Council (consisting of the FBI, CIA and other
security agencies) released in February, warned of security
threats due to water problems. The report identified certain

watersheds and regions of the world that are both strategically
important to the U.S, but also likely to be subject to more seri-
ous water conflicts in the future. The Euphrates, Mekong,
Jordan, Indus, Brahmaputra, and Amu Darya river basins are
all associated with nations that are strategically important to
the United States - illustrating the intersections between water
challenges and U.S. national security. The report said, "During
the next 10 years, many countries important to the United States
will experience water problems - shortages, poor water qual-
ity, or floods - that will risk instability and state failure, increase
regional tensions, and distract them from working with the
United States on important US policy objectives. Between now
and 2040, fresh water availability will not keep up with demand
absent more effective management of water resources. Water
problems will hinder the ability of key countries to produce
food and generate energy, posing a risk to global food markets
and hobbling economic growth. As a result of demographic
and economic development pressures, North Africa, the Middle
East, and South Asia will face major challenges coping with
water problems." A concise but very alarming forecast of the
next thirty years. National security-related perspectives on water
challenges will undoubtedly draw more critically-needed atten-
tion as these challenges grow.

And of course in any discussion of current water challenges,
one must address the complex and increasingly controversial
interconnectedness of food, energy and water - the so-called
"F-E-W nexus" that we highlight on the cover of our report
this year. The inter-related nature of these key resource issues
continues to become clearer at the same time as the various
underlying causes and effects seem to become murkier and
more complex. Changes in consumption, different utilization
patterns, or efficiency gains in one of these critical areas sim-

We hear a lot about "disruptive" technologies as a way
of shaking up the status quo, or moving an industry or
a society in a whole new direction. What the water
industry needs is more disruptive behavior.

ply cannot be considered independent of considerations and
impacts in the other two areas. In other words, it is not always
very productive - or at least is of limited use - to try to analyze
specific water challenges without simultaneously assessing the
food or energy implications of that same water issue. And vice
versa.

Food prices continue to be high, causing widespread social
unrest in many areas around the globe - and food doesn't grow
without water. The amount of money spent on food produc-
tion and processing relative to Gross National product varies
widely around the world, and might be considered a key indi-
cator of future political conflict centers. In the U.S. for ex-
ample, we spend only about seven percent of our disposable
income on food - down from 25% in 1930 - so percentage
price changes may not have quite as much impact on us. But
in most developing countries that figure is much higher, which
goes a long way towards explaining the political unrest that we
have recently witnessed in several countries.

With these higher food prices, U.S. agriculture is experiencing
a bit of a golden age. Good agricultural land prices have soared
over the past few years. Investors that were previously buy-
ing land in order to acquire water rights - intending to dry up
the land and send the water to cities - are suddenly realizing
that the water may be more valuable left on the land, to pro-
duce the food that is suddenly much more valuable. Cities may
need more water, but the people who live in them also need
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food. In many regions, including the arid western United States,
we hear a lot about moving water out of agriculture and into
municipal uses - to support expanding populations and eco-
nomic growth. But in the final analysis, agricultural output is
more important than economic growth.

The specific inextricability of water and energy continues to
compound. One of the most visible and controversial topics in

....the "cell phone of sanitation" - a workable and
mass-producible toilet that does not need to be con-
nected to a central infrastructure system.

the water industry over the past couple of years has been the
rapid emergence of the deep shale gas industry, the hydro-
fracturing or "fracking" technology that allows recovery of the
gas, and the vast water requirements that will come with it.
Recently discovered and increasingly economical shale gas
deposits in the United States could go a long way towards
achieving our ephemeral energy independence - but only at the
cost of huge water consumption. Everyone, seemingly, has
been falling over each other to get a stake in this emerging
market - to provide water for the drilling process, to haul and
dispose of contaminated fracking water to collect and recycle
the produced water, to build mobile, on-site or centralized com-
mercial treatment facilities, and so on. Interest in this sector
has driven much of the merger and acquisition frenzy of the
past couple of years, as we will detail later.

Although activity in the gas drilling sector waned somewhat
this year due to falling natural gas prices, this is an industry for
the long-term, and many pressing water-related questions re-
main. Do we really have enough water to exploit these re-
sources - even in relatively water-rich areas of the country like
Pennsylvania - and can we do it in a way that is protective of
the environment and our drinking water sources? The hydrau-
lic fracturing employed to recover this gas has certainly be-
come the environmental movement's poster child - and a re-
flection of the huge controversies which characterize this is-
sue. As mentioned above, smart business people will listen to
and analyze these concerns, and will build new business ideas
or offer services and products which help to defuse these en-
vironmental concerns.

In the final analysis - as we try to emphasize every year -
virtually all issues and challenges in this industry can ultimately
be reduced down to a better recognition of the value of water,
and the importance of properly pricing it to better reflect that
value and the true cost of producing it. There is obviously no
substance more critical to life than water, but we will only start
to see its value rise dramatically when we begin to bump against
the situation of actually running out of it. The Federal Emer-
gency Management Agency (FEMA) this year calculated the
actual value of water (in the event of total loss of service) to be
$93 per person per day! Imagine if we had to spend that much
for water. Yet water today is still too cheap for most people to
spend much time worrying about it. We often hear about how
there is no silver bullet in the water industry - usually in refer-
ence to technology, but the real silver bullet in the water mar-
ketplace is smarter, full-service pricing.

As we despaired last year, even many of us in this industry still
don't really understand this, or practice what we preach. It is
amazing to see how many people in this industry don't even
know what their monthly water bill is, or to see others install-
ing POE systems in their basements even while extolling the
benefits of public tap water. The uncomfortable conclusion is

that even the most familiar and best-intentioned among us of-
ten still treat water as if it were practically free; most of us
would do well to take a close look in the mirror now and then.

The inevitability of rising water prices continues to manifest
itself in more and more areas - as a result of on-going popula-
tion and demand growth, drought and increasing scarcity. The
data points are few and far between in this area, often anec-
dotal at best, and have only just begun to be collected - but the
information that is available suggests that prices have been grow-
ing at an average rate of around 5% or 6% over the past several
years. This year, Global Water Intelligence reported that aver-
age world water prices rose at just 3.6%, "falling desperately
short of what is required" to support critical investment in water
infrastructure. And more and more major urban areas are just
beginning to bump up against the challenges of true scarcity.
And as water prices increase, we will gradually pay more and
more attention to it, we will gradually modify our behavior
towards better conservation and more efficient use - and we
will simply be forced to truly recognize water's fundamental
value. It's inevitable. As the earlier-cited CERES report put it,
"water is going to cost more; the only question is how much
more?"

As usual, we will start our review this year with some back-
ground information - an overview of where we are and just
how challenging the current water situation is. This is fol-
lowed by the main body of the report - a concise review of the
critical drivers of the water business, and a more in-depth dis-
cussion of various resultant and important trends and develop-
ments which we judge to be most critical in characterizing
today's marketplace. We conclude once again by reviewing
what we consider to be four of the most critical and recurring
themes in the water market - and what they suggest in terms of
how we can move towards long-term solutions.

I. The World Water Problem:

Recognition and a clear understanding of the human and indus-
trial impact on the earth's natural hydrologic cycle has taken a
long time to develop - and of course even today we still don't
fully understand the implications of our behavior. However,
the last few decades have seen a steady stream of new reports,
books (many of them relatively "doomsday" in nature) and fore-
casts about future water availability - and there is more evi-
dence every day that we are converging towards a point where
much of the planet's population will no longer have sufficient
clean water to support a decent lifestyle. Almost half of the
world's population is projected to suffer from severe water
shortages by the year 2050. A report issued recently by the
World Economic Forum direly warns that we are quickly headed
towards "water bankruptcy” and ranks water challenges as one
of the world's most pressing problems.

For example, a recent World Bank report suggested that if dras-
tic steps are not taken now, India will essentially run out of
usable water within two decades. In 2009, the EPA released
its third Drinking Water Infrastructure Needs Survey and As-
sessment - which called for the investment of $335 billion over
the next twenty years, simply to maintain the U.S. drinking
water infrastructure at acceptable levels. As we mentioned in
our opening section, when wastewater expenditures are added
in, this figure jumps to over $600 billion over the next twenty
years just to keep the existing system working. Other groups
have estimated much higher capital spending requirements -
and this is just the investments required for one of the most
economically and technologically advanced countries in the
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world.

The fact is that human activities have been altering and damag-
ing the earth's natural hydrologic cycle and processes for cen-
turies, but that impact has only started to become broadly evi-
dent during the last few decades. Today's water resource di-
lemma results from centuries of unfettered industrial expan-
sion, exploding population growth, and population shifis - often
to more arid regions. Worst of all, too many of us continue to
exhibit a nonchalant belief that our standard of living can con-
tinue along the recent trajectory, and that Mother Earth will
somehow continue to absorb all the environmental insults that
we throw at her. We have been creating problems for centu-
ries, but we have only been truly trying to create solutions for
the past few decades.

Degradation of water resources originates in all corners of our
modern society. Our industrial economy has caused extensive
and often irreversible chemical pollution of many of the world's
major waterways and aquifers. Tens of thousands of dams
have changed the whole course of natural rivers for water sup-
ply, flood control and irrigation purposes; there are few major
"free" rivers left in the world. Poor resource management prac-
tices and over-grazing have promoted the unnatural expansion
of deserts. Economic pressures to maximize agricultural yield
continue to draw down major aquifers at accelerated rates.
Perhaps most significantly, our increasing reliance on and com-
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bustion of fossil fuels seems to be leading to irreversible plan-
etary climatic change - and we are only beginning to under-
stand the potential long-run effects of climate change on the
hydrologic cycle and our future supply of water.

The list of environmental insults goes on. Countless scholarly
tomes have already been written which detail the extent of our
environmental predicament. A few quick facts and figures -
many of which we will expand upon later in this report - will
serve here to briefly demonstrate the breadth and magnitude of
the world's water problems:

* Many of the world's largest cities still dump the untreated,
raw sewage of millions of inhabitants directly into natural wa-
terways or oceans. A visit to sprawling coastal mega-cities
such as Lagos, Accra or Mumbai can be very shocking in this
regard. Indeed, it makes one marvel at the natural treatment
capacity of our oceans. Given the amount of raw sewage that
is still directly discharged without any treatment effort, it is
remarkable that our oceans are still as clean as they are in most
areas.

* The United Nations estimates that more than ten million people
a year die as a result of drinking dirty water. This is obviously
a difficult statistic to accurately measure, since so many dis-
eases are water-borne; in reality the true figure for water-re-
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lated deaths around the world is probably higher.

* The United Nations also estimates that some two and a half
billion people have no access to basic sanitation - toilets and
clean running water. This is almost 40 percent of the world's
total population. As mentioned earlier, it has recently been docu-
mented that more people in Southeast Asia have cell phones
than have access to toilets!

* The infrastructure problem is bad enough here in the United
States. Estimates of infrastructure investment requirements
for the rest of the world run into the many trillions of dollars.
And of course, many developing parts of the world don't enjoy
any kind of water or wastewater distribution and transmission
infrastructure at all. Hence, the search for the "cell phone" of
sanitation - stand-alone toilets that don't have to be connected
to a grid system and which don't require freshwater for waste
transmission to another location.

* Despite the considerable progress made under forty years of
the Clean Water Act, 40 percent of American rivers are never-
theless still categorized as polluted, while more than 75 percent
of Chinese rivers are so designated, according to the United
Nations.

* The emerging issue of pharmaceutical and personal care prod-
ucts (PPCPs) and other endocrine system-disrupting chemi-
cals is continuing to receive greater attention. There is in-
creasing evidence that there is microscopic but nearly univer-
sal presence of these man-made chemicals in the natural wa-
terways. This loosely-defined group of compounds - includ-
ing cancer treatment drugs, mood stabilizers, sex hormones,
antibiotics, and a whole range of modern health, beauty and
medical compounds - can have deleterious but as yet poorly
understood effects on the endocrine and reproductive systems
of humans and other organisms. Modern wastewater treat-
ment plants were not designed for, and are not capable of treat-
ing these types of ultra-low level contaminants. The eventual
and collective impact of this broad group of contaminants on
human health and reproductive systems is still unknown, but
could potentially be staggering.

* 45,000 large dams around the world are estimated to have
displaced some 80 million people in the last seventy-five years.
The vast recent dam construction projects in China are only
the most visible such projects. New projects to create major
water diversions from the south to the drier northern part of
China are now underway too, at a proposed cost of over $60
billion - an estimate which is sure to be exceeded. The ecologi-
cal or social impacts of these massive diversion and dam projects
can be long-lasting, while - as we are recognizing in the case of
major federal water projects in the American Southwest - their
economically useful lives may be relatively short due to sedi-
ment infill and evaporation. We still want to move water to the
people, rather than moving people to the water.

*There are some 79,000 dams in the U.S., an alarmingly large
number of which are no longer functional or safe. It is in-
creasingly realized that it is often cheaper to remove these dams
rather than try to fix them. However, dam decommissioning
and removal is an infant field - only some 500 mostly much
smaller dams have actually been removed. This is likely to be
an expanding field of engineering in the future.

* Natural wetlands - ecologically designed by nature to regulate
and clean our surface waterways - are being lost at a record
rate, particularly around the urbanizing areas of the country,
which might benefit most from them. As mentioned above,
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one of the most active areas in wastewater treatment today is
the attempt to copy or mimic natural systems in municipal ap-
plications; yet in the pursuit of economic development, we let
real natural systems slip away at an increasing rate.

* Major aquifers around the world are being depleted or "mined"
at a much higher rate than natural precipitation and percolation
can replenish them. The Ogallala Aquifer, which underlies some
250,000 square miles of the "bread-basket" central region of
the United States, is being drawn down at unsustainable rates.
The long-term impact for agriculture and world food supplies
is potentially catastrophic. Many rapidly growing metropolitan
areas, such as the southern tier of the Denver, Colorado sub-
urbs, have been exhausting irreplaceable deep aquifers for de-
cades, and now find themselves struggling to locate and ac-
quire new source waters to insure their future.

* There are also numerous secondary effects and impacts of
different types of impending water shortages. For example, as
aquifers deplete, not only do the inhabitants above run out of
water, but the ground they live on may also lose its geologic
structural support, and begin to actually collapse. This is be-
coming a significant problem in certain areas - Mexico City has
seen substantial subsidence in recent decades.

» Remarkably, despite this massive and growing planetary water
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shortage, most countries around the world still tolerate huge
clean water losses as a result of dilapidated infrastructure and
decaying pipes. According to the EPA, about 17 percent of
treated water in the United States is lost due to leaky pipes;
Boston loses 30 percent of its water, while it is estimated that
the City of London loses almost 50 percent. What other in-
dustry would allow 50% of its product output to go wasted
and unused? As mentioned, estimates suggest that it will take
something on the order of almost a trillion dollars to maintain
and upgrade the water, wastewater, and storm water
infrastructural systems in this country alone over the next twenty
years.

* Finally, as a grim summary of the various types of challenges
briefly listed here, it is now widely predicted that half of the
world's population will live with chronic water shortages by
the year 2050. In short, we are rapidly creating a situation of
severe "water stress" in many parts of the world.

Stress on our hydrologic cycle and competition over declining
water resources will inevitably lead to political stress. Indeed,
political conflict over water is not some sort of phenomenon
waiting to happen in the future; water conflicts have been go-
ing on for hundreds if not thousands of years already. There
are a number of "hot spots" around the world that could ex-
plode today. For example, India has strained relations with
both its eastern and western neighbors - Bangladesh and Paki-

stan - over the two key rivers that flow between those coun-
tries, the Ganges and the Indus. The Jordan River rises on the
Syrian-Lebanese border and is used by Jordan, Israel, and the
Palestinian territories; not much more needs to be said in terms
of that example. Water issues have contributed to the recent
crisis in the Darfur region of Sudan. Nine often contentious
countries depend upon the Nile River for most of their water;
Egypt depends almost wholly upon the Nile for its water, but
several of the upstream countries are demanding a greater share.
Pre-existing political instability in many of these countries could
lead to greater controversy or outright war in the future.

Perhaps the biggest unanswered question in the whole field of
future water resource management is how incipient global cli-
mate change may affect the situation. Generally speaking, it
appears that climate change will generally act so as to make a
bad situation worse. While we may not yet fully understand
the breadth and severity of the impacts of potential global cli-
mate change on the hydrologic cycle, if global warming does
continue, we will potentially face a whole range of challenging
and potentially catastrophic new challenges. Witness the fol-
lowing handful of dire quotes from the Executive Summary of
a recent report from the U.N.'s Intergovernmental Panel on
Climate Change - a group of the world's leading meteorologists
and climate scientists:

* .... observed warming over several decades has been linked
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to changes in the large-scale hydrological cycle...

* ..... (scientific models project) precipitation increases in high
latitudes and parts of the tropics, and decreases in some sub-
tropical and lower mid-latitude regions...

* ..... annual average river runoff and water availability are
projected to increase as a result of climate change at high lati-
tudes....

* ..... increased precipitation intensity and variability are pro-
jected to increase the risk of flooding and drought...

e ..... water supplies stored in glaciers and snow cover are
projected to decline over the course of this century...

o ..... higher water temperatures ... are projected to affect water
quality and exacerbate many forms of water pollution...

e ..... changes in water quantity and quality due to climate
change are expected to affect food availability, stability, access
and utilization ...

« ..... climate changes affects the function and operations of
existing water infrastructure - including hydropower, struc-
tural flood defenses, drainage and irrigation systems, as well as
water management practices; and

* ..... climate change challenges the traditional assumption that
past hydrological experience provides a good guide to future
conditions.

This is truly scary stuff, and one is not relieved by the report's
closing quote acknowledging that "several gaps in knowledge
exist in terms of observations and research needs related to
climate change and water." It is becoming clearer and clearer
that the impact of a changing climate on our existing water
resource problems could be dramatic. The potential of global
warming to shift the predictability, timing, and extent of natu-

ral rainfall patterns around the world could truly wreak havoc
in terms of water availability, agricultural productivity, and food
supplies. While scientists are parsing the potential long-term
effects of global warming, water policy-makers and econo-
mists are only just starting to think about how to deal with the
potential economic and social effects.

In this brief summary, we haven't really tried to touch on the
potentially vast political and social impacts of increasing water
shortages around the world - and the fact that the poor are
often forced to pay more for their water, while the rich some-
times pay next to nothing. (According to the Earth Policy
Institute the 120,000 gallons per year typically used by an Ameri-
can family costs about $350, whereas buying the same amount
of water from a vendor in the slums of Guatemala City would
cost about $1700.) Disparities in water availability around the
world are quickly becoming more widespread, and represent a
new and additional recipe for social and political turmoil in the
future.

There will always be room for disagreement about the timing
or eventual extent of some of these problems, but it's hard to
deny that they are quickly coming towards us. As the world's
population continues to grow, and as we continue to pollute
and disrupt the earth's natural water systems, we are definitely
headed towards a global water crisis. The only question is
how severe it will be. Many of the issues mentioned above are
inevitably going to reach a boiling point in the future - some
perhaps in the quite near future. All of these pressing water
resource problems must become more immediate policy pri-
orities for governments around the world - now.

II. Key Drivers Behind the Water Business:

Many different factors - economic forces, social pressures,
and political realities - are combining to drive the growth of the
commercial water market. But to over-simplify a bit, these
key drivers of growth and expansion of the water industry can
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be reduced to the four interdependent factors briefly highlighted
below.

First, to state the obvious, water quality and scarcity problems
are reaching crisis proportions. At a fundamental level, water
quality and scarcity problems are clearly the key drivers behind
all the challenges, the increasing regulations, the expanding com-
mercial business opportunities and ultimately, the projected
growth for the water business over the coming decades. Lit-
erally hundreds of scholarly reports and economic studies over
the past couple of decades have pinpointed the fundamental
lack of clean water as one of the most serious long-term threats
facing mankind. One can scarcely pick up a news magazine or
the daily newspaper today without seeing an article about wa-
ter problems.

Here in the United States, it used to be the conventional wis-
dom to highlight water quality problems in the older and more
industrialized east, while focusing on water quantity issues in
the drier and less populated west. It is clear now, however,
that we have both quantity and quality challenges right across
the country. More humid cities in the east, such as Atlanta, are
running short of water; the state of Georgia recently tried to

Cities may need more water, but the people who live in
them also need food....in the final analysis, agricul-
tural output is more important than economic growth.

redraw its border with Tennessee for the purposes of grabbing
additional water. And on the other side of the country, we see
large California and Arizona aquifers rendered unusable due to
seawater intrusion, or contamination with perchlorates and other
toxic chemicals used in the aerospace industry. In short, both
quantity and quality problems are becoming more pervasive,
and they are getting steadily worse in many places around world.

Second, as we underscored in our introduction, public aware-
ness and concern about these water problems is increasing. As
water scarcity and quality problems have become more seri-
ous and more apparent, the public has gradually become better
informed - and increasingly concerned - about the range of
water problems that may be passed on to future generations.
Again, one needs only to look at the front pages of the popular
media to see how broad and widespread - though often over-
simplified - this concern and recognition is becoming. And as
the general populace becomes more aware and concerned about
water, public perceptions and public demands gradually be-
come more important drivers of public policy and legislation.
Although, as we will discuss, additional and large-scale public
education programs are still sorely needed around the world to
inform the public of the real nature of our water quality and
quantity problems, water issues are gradually gaining attention.

Third, regulation of water management and enforcement of
those regulations will continue to intensify. As public aware-
ness and concerns about water grow, they inexorably get trans-
lated into greater government review, legislation, regulatory
control and overview, and enforcement. And as opposed to
the arena of more general environmental legislation - where
public interest, regulation and enforcement have waxed and
waned during the past three decades - the American public
seems insistent upon ever-stronger and broader regulatory pro-
tection when it comes to drinking water issues. We have al-
ready discussed the broad advances in environmental protec-
tion since the introduction of the Clean Water Act and the other
major pieces of environmental legislation in the 1960s and 1070s.
The status of water protection regulations in the U.S. is cer-

tainly not perfect - there are countless areas of the federal leg-
islation in this area that could be clarified or improved upon.
But the job is not finished, and there is clearly a need for addi-
tional and more specific regulation in various areas. Those on
the far right who call for simply eliminating the Environmental
Protection Agency are uninformed and short-sighted.

Finally, huge economic and human capital investments are re-
quired. In order for municipalities and industry to comply
with all these expanding regulations - and for the country to
maintain and expand the necessary infrastructure - huge capi-
tal expenditures will be required, beginning now and continu-
ing into the long-term future. The so-called "spending gap" -
the shortfall between the current level of water infrastructure
spending, and the spending levels that will be required to really
sustain our infrastructure into the longer-term future - contin-
ues to increase.

The question is how, not if, we should fund these required
capital expenditures - and this seems likely to turn into a much
larger and more contentious policy debate in coming years.
For example, the large metropolitan centers that often have the
oldest and most run-down infrastructure with the greatest capital
needs are often the very same areas with shrinking center-city
populations and a declining tax base; the city of Detroit comes
to mind. It seems likely that the federal government will even-
tually have to step in and play a larger role in the maintenance
of our infrastructure, but unfortunately, that may require some
kind of catastrophe or major public health crisis before it will
happen.

The mechanics and dynamics of these fundamental market
drivers are solidly entrenched, and are very unlikely to change
in the longer term future. The current investment and technol-
ogy deficit represents a huge and unresolved future challenge
for the United States and for the world as a whole - but it also
constitutes a huge long-term opportunity for firms providing
products, services and solutions to the water and wastewater
treatment business.

III. Key Industry Trends and Developments:

These four fundamental but interdependent industry drivers
give rise to a broad spectrum of important trends and critical
developments in the water business - with respect to supply,
demand, market and competitive conditions. In turn, many of
these trends will increasingly dictate how we manage our in-
creasingly precious water resources, and how commercial mar-
kets will unfold and develop in the future. Each year we try to
highlight what we believe to be some of the most important
trends - past, present or emerging - that will help to shape the
nature and size of the water in the future.

1. Increasing Regulation: A huge volume of new
regulation has been issued by federal, state and regional agen-
cies over the past few decades. Regulatory controls covering
water and wastewater are also becoming stronger in almost
every other region of the globe. Public agencies and private
companies struggle just to understand, let alone comply with,
this rapidly expanding and ever more complex regulatory ma-
chinery; indeed it has become a major expense and challenge
for most water and wastewater utilities. Many smaller utility
districts have great difficulty just staying current with the mo-
rass of existing regulations, let alone the steady stream of new
requirements. And it is increasingly frustrating to water utili-
ties that one compliance requirement may sometimes be at odds
or in conflict with another. A few years ago, the Journal of the
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AWWA described the situation as an "immense regulatory maze
and administrative superstructure that .... may be at risk of
collapsing under its own weight."

On the other hand - at the base level - it is these regulations
which truly drive the day-to-day activities, spending levels, and
commercial developments in the water industry. It may be
difficult to directly link expanding regulation to the impact on
commercial markets (and it obviously takes time to for new
regulations to be implemented, and their effect to be fully felt)
but it is clear that regulation has a direct effect on new product
innovation, technology advance, and commercial market growth.

Despite the extensive existing body of laws and compliance
requirements, it seems likely that the extent and reach of regu-
latory controls will only continue to expand. Even in the eco-
nomically advanced and most highly regulated countries like
the United States, water pollution problems continue to grow.
New contaminants continue to be unleashed and discovered.
One study - the Environmental Working Group's National As-
sessment of Tap Water Quality - found that "tap water in 42
states is contaminated with more than 140 unregulated chemi-
cals that lack safety standards" and suggested that EPA should
be doing a far more thorough job of regulating drinking water -
above and beyond the vast regulatory infrastructure that we
already have in place. Pharmaceutical compounds and the broad
range of so-called "xenobiotic" contaminants have only recently
been detectable at all. As our understanding of the chemistry of
water contamination expands, and as analytical technologies
improve, we are likely to discover more compounds in our
waters that may present potential concerns to human health
and well-being. This is in turn is likely to lead to more regula-
tion and more controls.

And regulations don't always work right. Difficult and chal-
lenging problems usually don't have simple answers, and fre-
quently the outcome of a new regulation is not exactly what
was expected. Sometimes, an apparent solution may create a
new and unintended problem. This was dramatically illustrated
a few years ago when it was recommended that Washington,
D.C. eliminate dangerous trihalomethane by-products in its water
system by replacing its chlorine disinfection system with alter-
native chloramine disinfection. As it turned out, the environ-
mentally-friendlier chloramines were more aggressive in leach-
ing lead out of Washington's ancient water mains and into the
drinking water. In effect, the "solution" was worse than the
problem, resulting in a major public hue and cry. These types
of quandaries, difficult choices, outright conflicts and counter-
intuitive results are likely to continue to plague both water regu-
lators and providers in the future.

Compounding all of these traditionally regulated areas is the
concern about potentially "introduced" compounds in water dis-
tribution systems - a polite way of referring to potential terror-
ist activities - and other security concerns regarding the poten-
tial contamination of primary drinking water supplies. Although
the post-9/11 furor has died down, it did serve the useful pur-
pose of raising the visibility of a key issue; the lack of regula-
tory controls or testing of clean drinking water once it has left
the drinking water treatment plant. Despite all of the advances
in clean water that have been accomplished over the last fifty
years, and the numerous regulatory standards which drinking
water must meet, there is still essentially no monitoring of that
clean water once it leaves the treatment plant and runs out into
more than a million miles of underground distribution piping.
This area of post-treatment plant monitoring of drinking water
quality will probably be the subject of considerable new regula-
tion for utilities in the coming years. At the same time, it repre-

sents a significant commercial opportunity for testing and moni-
toring firms (discussed later).

In summary, although water and wastewater treatment regula-
tions may be extensive, growing, often confusing and some-
times conflicting, they are only likely to increase in volume,
extent and complexity in the future.

2. Failing Infrastructure:  The woeful and dilapi-
dated state of the American water and wastewater treatment
infrastructure is now well-documented. However, here again,
the actual extent and severity of the problem is still broadly
under-recognized by the American public as well as by most
decision and policy makers. For example, the American Soci-
ety of Civil Engineers has consistently assigned a grade of D
minus to both drinking water and wastewater infrastructure -
the lowest grade issued in their annual overall assessment of
the nation's overall infrastructure situation. As mentioned ear-
lier, their report points out that we lose almost 7 billion gallons
of clean water a day through leakage, and that we should be
spending an additional $11 billion per year, simply to maintain
the existing infrastructure.

In terms of the likely scale of future spending requirements,
one can almost pick a random but very large number and find
a study somewhere that will support it. The most widely cited
studies are those generated by the Environmental Protection
Agency. As we mentioned earlier, the most recent assessment
from the EPA suggested spending requirements on the drinking
water side of the business of $335 billion over the next twenty
years, the bulk of which was to be directed towards the trans-
mission and storage areas. The EPA has also estimated that an
additional $298 billion would be required over the same period
for the wastewater infrastructure - including treatment facili-
ties, sewer overflows, and storm water management systems.

In industry circles, these EPA estimates are often considered to
be somewhat conservative. The key trade associations repre-
senting the water and the wastewater sectors of the business -
respectively, the American Water Works Association, and the
Water Environment Federation - have issued studies with higher
projected spending needs. Other Congressional and federal
agency studies have put the combined water and wastewater
infrastructure spending requirement over that same twenty year
period at closer to a trillion dollars. Regardless of the study
one picks, all predict huge needs - with particularly strong spend-
ing in the transmission, distribution and storage sectors of the
business.

Concerns about the impact of impending climate change will
only intensify this trend, and will likely continue to increase the
amount of money that we need to spend on moving water
around and - particularly - storing it. As the magnitude of these
looming expenditures becomes clearer, we will also see more
creative solutions to many of these challenges. For example,
water can be stored in underground aquifers rather than ex-
pensive surface impoundments and reservoirs that not only
cost millions to construct, but also disrupt the environment
and allow significant amounts of the water to evaporate any-
way. Innovative technologies to rehabilitate existing under-
ground transmission piping will also grow - studies suggest
that it can cost up to five times more to rebuild an underground
water main than to rehabilitate it in place. In the future, expect
a lot of technology development activity, and a lot more dollars
to be spent, in more creative ways, to maintain and upgrade the
water and wastewater infrastructure.

Although the pressing need for vast infrastructure expendi-
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tures is becoming clearer and more widely understood, it seems
to be simultaneously becoming less obvious where the requi-
site funding for these investments may eventually come from.
Most local agencies and municipalities suffer from increasing
fiscal constraints, and the federal government, at least at this

FEMA this year calculated the actual value of water
(in the event of total loss of service) to be $93 per
person per day! Imagine if we had to spend that

much for water.

point in time, shows no inclination to get involved in financing
the water infrastructure challenge. Projections about the limit-
less future of spending in the water business are thus tempered
by the reality of national fiscal constraints.

In short, there are huge capital investment needs but few pro-
posed sources of capital. Even with all the massive infrastruc-
ture spending and the economic stimulus package of the last
few years, only very moderate funding trickled down to the
water business. The concerns mentioned earlier about public
utility bond risks will further antagonize this concern. Unfor-
tunately, it may eventually take a series of public health calami-
ties - resulting one way or another from the decaying water
infrastructure - to finally cause people to wake up, for local
politicians to get focused on the issue, and to force federal
attention to the problem.

3. Greater Conservation and Efficiency: Whereas
we used to be primarily concerned with supply side manage-
ment, we are now more concerned with demand side manage-
ment in water - i.e., better conservation practices and more
efficient water usage. Conservation is increasingly viewed as
a new "source" of water; reducing demand is just as important
as creating "new" supply. Supply and demand are indeed two
sides of the same coin, and - in most locales - better conserva-
tion and utilization practices are the best and most immediate
opportunities we have to extend the overall availability of wa-
ter. And despite solid improvement and increasing attention to
this area during the last several years, there is still a lot of "low-
hanging fruit" - relatively easy improvements that can be made
in terms of more efficient conservation and utilization of our
water resources.

For example, as mentioned, many water distribution systems
incur leakage of as much as 20 percent to 40 percent of their
treated drinking water. Loss rates in the main distribution sys-
tems - often referred to as "non-revenue water" - are as high as
50% in many parts of England and France where water mains
may be well over a hundred years old. This is one of the first
areas that should be addressed. It clearly makes more sense,
and is more environmentally sound, to fix existing water infra-
structure first, rather than building new infrastructure - dams,
reservoirs, or other new sources of supply (some percentage
of which would also go to waste). This consideration again
points to likely growth in the infrastructure equipment sector
of the marketplace - pipes, valves, meters, pumps and tanks.

Several years of significant droughts across the western United
States and in other areas of the world, have dramatically illus-
trated just how much water we all tend to routinely waste. But
looking at droughts as teachable moments, they also demon-
strate how much water we can save - once we are forced to
confront the issue. In some regards, droughts may be a good
thing - just like $4 gasoline is a "good" thing - in that they force
us to sit up and pay attention, and get smarter about conserva-
tion, reuse, recycling, and better allocation systems. Greater

public awareness of conservation opportunities and success-
ful local conservation programs has started to show good re-
sults. Many southwestern cities like Albuquerque and Las Ve-
gas have seen per capita consumption drop from 200 to 300
gallons per day down into the neighborhood of 100 gallons per
day or even less. Following the drought of 2002, Denver was
able to lower its overall daily water production by almost twenty
percent. The truth is - most of us could be far more efficient
and conservative in our use of clean water, without really hav-
ing to make any major sacrifices.

Another sector which is particularly ripe for efficiency im-
provement is the whole area of agricultural irrigation; many
regions, particularly in the arid west, are increasingly looking
towards more efficient agriculture as the next new "source" of
municipal drinking water. Almost 80 percent of our total wa-
ter usage in more arid regions goes to agricultural irrigation;
almost half of our food supply now comes from artificially
irrigated lands. As the researcher Sandra Postel said several
years ago in her review of irrigation practices, Pillar of Sand,
"irrigation unleashed a profound transformation in human de-
velopment, and created a new foundation from which civiliza-
tions sprung and blossomed." However, irrigation as it is often
practiced can be hugely wasteful of water. Furthermore, it
can lead to salt build-up and gradually less fertile soils if not
managed properly. Some sources estimate that 30 percent of
irrigated land has already been rendered infertile because of
careless irrigation practices. New technologies for the more
efficient use of water in irrigation such as laser field leveling,
drip irrigation - "more crop per drop" - deficit irrigation, and
enhanced soil moisture monitoring offer great promise.

As food prices rise, it will also force a closer review of our
water efficiency planet-wide - and more pressure to make sure
we use water efficiently to grow the right kinds of crops in the
most logical regions. Per capita world food demands are
changing rapidly; the Chinese now consume 110 pounds of
meat per capita per year, more than double the 44 pounds they
consumed in 1985 - and it takes a lot of more water to produce
a pound of beef than it does to produce a pound of rice. As
prices for commodity crops like wheat and corn reach all-time
highs, the impact on the price of all downstream food prod-
ucts has risen accordingly. According to the World Bank, food
prices reached an all-time high in August of 2012. As men-
tioned, these price trends may not get as much media attention
in the United States as they do in less developed parts of the
world, where most people spend a much higher percentage of
disposable income on food. Growing water shortages and
rising world food prices will quickly translate into greater food
scarcities in the poorer and more under-nourished areas of the
world, exacerbating already pressing social and political prob-
lems.

Temporary shortages and droughts are forcing us to more
clearly rethink our agricultural priorities, and to carefully ex-
amine the principles of virtual water - the total amount of wa-
ter necessary to produce a given commodity or product. For
example, as water becomes scarcer, it may no longer make
sense to grow highly water-intensive crops, such as cotton
and alfalfa, in the deserts of western Arizona. Similar water
allocation adjustments have led drought-stricken Australia to
reorient its agricultural industry. Once one of the world's key
exporters of water-intensive rice, Australia has now refocused
its scarce water resources to other less water-intensive and/or
more valuable crops such as grapes and citrus fruits. More
efficient water application, better drainage systems, and in-
creasing use of certain types of wastewater for agricultural
irrigation, should all be important policy objectives, and can
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collectively add up to constitute this important new "source" of
water.

Higher water prices will eventually make all of us more careful
and conservative in our individual and collective water usage.
Today, most people don't pay a lot of attention to conservation
and recycling of water, but they will when water prices begin
to impact their pocketbook more significantly. Most western
European countries pay considerably more for their water than
we do in the United States. Consequently, most of their popu-
lations are far more cognizant of the value of water - and in
turn per capita usage is much lower. A report a few years ago
from The Economist reported that not only are water prices in
the United States among the lowest in the world, but that we
are also (predictably) one of the most wasteful nations in terms
of water usage. As prices increase, we will pay more attention
and become more efficient.

In a somewhat counter-intuitive development, this drive to bet-
ter conserve water has resulted in some paradoxical challenges
for the water utility industry. As public education and conser-
vation programs have begun to achieve some real success, the
resulting lower water usage has translated into lower revenues
for municipalities - and this comes at a time when additional
funds are badly needed to invest in new infrastructure. It also
may impact the credit rating of the city, as mentioned in the
introduction. So, by "doing the right thing" and conserving
water, consumers have created a greater, rather than a lesser,
financial burden for the water authority. In many areas, re-
sponsible customers are now being told to both use fewer gal-
lons and to pay more for the gallons they do use - not a very
palatable situation for either the utility or the customer.

4. Focus on Recycling and Reuse: Closely related
and somewhat overlapping with conservation and efficient use
is the whole area of water recycling and reuse. In all of its
varied forms, this remains one of the most robust sectors of
the overall water business. Water recycling initiatives, from
the individual residence to the large municipality or major in-
dustrial installation, are rapidly gathering steam, and also offer
great opportunity for extending our water resource base. Yet,
there is still a long way to go here too. Israel is by far the
world leader in this area, reusing about 80% of its total water
consumption. The next closest country is Spain at just 17%,
and of course all other nations are much lower. These statis-
tics are powerful documentation of the fact that we can do
much better when we have to.

Because different terms are often used rather vaguely or inter-
changeably in this area, some definitions and clarifications may
be helpful. Almost all wastewaters can be recycled and cleaned
to levels where they can be reused for potable or other primary
purposes. This can occur in both a direct and an indirect man-
ner. The distinction between these two terms is critical. Indi-
rect reuse of treated wastewater - that is, consumption of waste-
water after it has been treated, discharged back into "nature"
and then withdrawn from a river, or pumped out of an under-
ground aquifer - has obviously been practiced one way or an-
other since the dawn of history. Almost by definition, all of the
water on our planet has been recycled and reused countless
times. It is estimated that on some of the major river systems
in the United States, water is used and reused in this fashion up
to twenty times as it travels to the sea - the discharged water
from one wastewater treatment plant essentially comprising
the raw water supply at a primary drinking water plant a few
miles downstream. Or as the popular bumper-sticker says
"we all live downstream." Indeed, it is interesting to note that,
as a result of forty years of steady progress under the Clean

Water Act, the treated effluent from wastewater treatment plants
is sometimes cleaner than the supposedly "natural" rivers and
streams into which it is discharged. (And of course after all
these effluents flow downstream to the sea, some of those
same water molecules evaporate from the oceans, condense to
form clouds and fall on land as rain, to begin the same cycle all
over again - the hydrologic cycle.)

What is often meant by the term water reuse today, however,
and what generates considerably more controversy, is the di-
rect reuse of water - reusing water without that intervening
step, and the somehow magical purifying effect of "Mother
Nature." Although direct reuse of wastewater has been tech-
nologically feasible for many years, any widespread direct re-
use for drinking purposes still seems to be a long way in the
future. The real reason for this is poor understanding and
misplaced social concerns rather than technological challenges.
Putting a "black box" on the outside of a home to treat sewage
and recycle it directly back into the kitchen tap - often referred
to as "toilet to tap" in the popular media - is clearly suspicious,
worrying or completely unpalatable to most people. Scare sto-
ries in the press tend to reinforce this reticence, even though
from a technological perspective, it is fairly straightforward to
recycle wastewater to drinking water standards. Although such
direct potable reuse is only commercially practiced in a few
arid or water-short locations around the world, it will definitely
become much more common in the future, out of sheer neces-
Sity.

We often hear about how there is no silver bullet in
the water industry - usually in reference to technol-
0gy, but the real silver bullet in the water market-
place is smarter, full-service pricing.

When evaluating the potential impact of direct reuse as a means
of extending our water resources, there is one very critical
statistic to consider - a factor which should help make reuse
much more feasible on a wide scale. And that is this: only a
small percentage of our primary water supply is actually used
for drinking. Out of the roughly 130 gallons of water per
capita per day that we currently treat to drinking water stan-
dards, most individuals drink less than a gallon a day. Even if
we also include that proportion of our water that we use to
cook and clean with - which we might also wish to be treated
to drinking water standards - this would still only be around 15
percent of total treated water consumption. Most of the rest
of our highly treated drinking water is used for flushing toilets,
watering lawns, washing cars, fighting fires and the like - ap-
plications where the water doesn't really need to be treated to
such highly exacting drinking water standards. In other words
- and critically - much of our current consumption could be
recovered and reused in a variety of applications without any-
one ever having to drink directly "recycled" wastewater. Even
if only small incremental gains could be made in terms of direct
non-potable water reuse, overall water availability could be sub-
stantially improved.

Public resistance to broader use of directly recycled wastewa-
ter is, at the base level, just one more example of poor public
understanding - and the need for broader public education pro-
grams. These worries ignore the fact that all of the water we
drink has already been recycled thousands of times - if not by
man-made treatment plants, then by nature itself. Wider public
acceptance of direct wastewater reuse is a major public educa-
tion challenge, but eventually more and more direct reuse seems
certain to happen, particularly with the intervening, if minor,
impact of "nature." Cities and municipalities in the arid west

13 © 2013, TechKNOWLEDGEYy Strategic Group



are already paying top dollar for access to wastewater effluent
streams - both as a means to recharge aquifers or to augment
surface stream flows. One landmark transaction in Prescott
Valley, Arizona a few years ago saw the rights to a wastewater
effluent change hands at almost $25,000 per acre-foot - a trans-
action valued at $70 million. Just as we said in the case of
improved conservation methods, more efficient and widespread
reuse of water must be recognized as a far cheaper source of
additional supply than huge new reservoirs, massive pipeline
transfer projects or desalination plants.

One thing is certain: as water prices continue to rise, there will
be ever-increasing incentives for more careful recycling and
reuse. With greater economic incentives, individuals, house-
holds and industries will begin to both use and reuse water
more carefully. Industrial companies will rethink their ap-
proaches and retool their manufacturing systems, to utilize less
water in the first place, and to better recycle the wastewater
that they do create.

5. Increased Interdependence Between Water and En-
ergy: The phrase "water-energy nexus" seems to be on the lips
of virtually everyone around the water market today. Whereas
the phrase was instructive and vaguely seductive few years
ago, it has become almost blasé today - and as we point out on
our cover this year, these two intertwining issues also have to
be considered simultaneously with agriculture and food pro-
duction. But with increasing attention to issues like the wors-
ening California water crisis, the vast consumption of power
in the Arabian Gulfto desalinate seawater for drinking, the huge
consumption of water necessary to extract deep shale gas,
nuclear plants having to be shut down as a result of low river
flows and so on, the critical intertwining of water and energy
is quickly becoming a focus of both policy-makers and the
public.

It takes lots of water to produce energy, but it also takes lots of
energy to treat and move water around - and the demand for
one could soon cripple our use of the other. As Michael Webber
put it in the October 2008 edition of Scientific American, "many
people are concerned about the perils of peak oil - running out
of cheap oil. A few are voicing concerns about peak water.
But almost no one is addressing the tension between the two:
water restrictions are hampering solutions for generating more
energy, and energy problems, particularly rising prices, are cur-
tailing efforts to supply more clean water ...... the situation
should be considered a crisis, but the public has not yet grasped
the urgency."

There are perplexing questions here - how many barrels of
water will it take to produce a barrel of oil from the Canadian
tar sands, and what can be done with the resulting contami-
nated process water? Or, around on the other side of the globe,
how many barrels of oil it will take in Saudi Arabia to produce
a barrel of desalinized drinking water? The on-going modern-
ization of Saudi Arabia and the arid Gulf States rests upon the
consumption of a large portion of their natural energy reserves
to "manufacture" water for their people. In water-rich Canada,
huge amounts of water are needed to enable domestic energy
security. From a global perspective, water and energy almost
become interchangeable.

It is said that almost twenty percent of California's total energy
consumption goes to moving water around the state; a similar
figure for the nation as a whole is about six percent. China is
preparing to invest almost $100 billion in capital expenditures
and to commit massive future amounts of energy to move water
from the south to the more arid northern part of the country.

In more and more ways, we are recognizing that water and
energy consumption are tied closely together. As Webber says,
"Some day we might look back with a curious nostalgia at the
days when profligate homeowners wastefully sprayed their
lawns with liquid gold to make the grass grow, just so they
could then burn black gold to cut it down on the weekends.
Our children and grandchildren may wonder why we were so

...many of us continue to exhibit a nonchalant belief
that our standard of living can continue along the
recent trajectory, and that Mother Earth will some-
how continue to absorb all the environmental insults
that we throw at her.

dumb."

One rapidly emerging domestic issue at the intersection of water
and energy has to do with recent advances in the extraction of
shale gas - and the myriad water issues associated with the
development of this potentially vast energy reserve. Gas com-
panies use a process known as hydraulic fracturing, or
"fracking" to release the natural gas from the shale - and this
requires vast amounts of water. While the Marcellus Shale
region of the northeast certainly isn't under the kind of water
stress that we find in the Southwest, few areas will be able to
withstand the sudden consumption of thousands of acre-feet
of additional water without some impact on local water avail-
ability. Second, once the water is combined with chemicals
and pumped underground, some experts think there is a danger
of those chemicals finding their way into overlying ground water
aquifers and contaminating drinking water sources. (Because
some of these proposed fracking areas in the Marcellus Shale
are not far from the New York City drinking water source area,
the issue is getting especially close scrutiny in the press.) Third,
a lot of the water injected into the wells, along with naturally-
occurring water, comes back up the hole in the gas recovery
process. That water - called "produced" - water is also con-
taminated with the chemicals used in the process. The EPA
prohibits companies from dumping that produced water into
rivers - it has to be cleaned before being discharged or reused,
or transported long distances to be disposed of in deep injec-
tion wells. Once again, water issues and concerns may ulti-
mately be a constraint, or the ultimate determinant of what
happens here; the Marcellus Shale may be the "Saudi Arabia" of
the United States, but without solving all of these attendant
water problems, this energy may never be fully exploited.

As the initial report from the Clean Water America Alliance - an
association of water experts from government, business and
academia now called the U.S. Water Alliance - succinctly put
it, "Water will have a profound impact on the development of
domestic energy sources in the 21st century - and vice versa."

6. Enhanced Monitoring and Measurement: The
old adage - "what you cannot measure, you cannot manage" -
certainly applies to the water business. The ability to monitor
and track - and more importantly, to understand the implica-
tions of - the physical and chemical composition of water is
becoming increasingly important. Better and quicker informa-
tion is critical to sustaining natural ecosystems and maintaining
public health. Water treatment, storage and distribution infra-
structure depends upon a plethora of monitoring data and ana-
lytical information in order to function efficiently. As a more
informed public demands better information about their drink-
ing water, as more comprehensive regulatory controls evolve,
and as new contaminant effects are better understood, it seems
certain that testing and monitoring requirements will only con-
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tinue to expand.

The monitoring of source waters is the critical first step in the
water delivery process, whether that source be glacial, snow-
melt, surface rivers and streams, or underground aquifers. Water
quality parameters may change, depending upon recent weather
conditions, time of year, seasonal biological activity, upstream
human activities and so on. It is important to understand the
physical and chemical quality of that incoming source water, in
order to anticipate problems and maintain optimal conditions in
the primary drinking water treatment plant.

Within the plant, monitoring of key operational parameters can
improve productivity and enhance cost controls. Understand-
ing the step-by-step quality and physical characteristics of the
water as it flows through the treatment system enables the
operator to maximize efficiency - saving on chemical costs for
filtration and sedimentation, electrical power costs for aeration
and mixing, and so on. This type of productivity-driven infor-
mation has to be almost real-time in order to be useful.

Within the past decade or two, advanced real-time monitoring
processes, and dependable remote and field-deployable instru-
ments and monitors have begun to be used on a wide scale. In
earlier times, a manufacturer only knew it had water quality
problems when it began to produce an off-spec product. The
water utility only knew it had a contamination problem after
the local emergency room began to fill up. Today, both indus-
trial users and utilities monitor in-coming source waters and
treated discharge waters on a much more real-time basis, so
that they can anticipate problems rather than simply reacting to
them after the fact.

There is extensive monitoring and testing at the point where
the treated water is discharged into the distribution system. A
large array of parameters must be measured on a regular basis
in order to comply with Safe Drinking Water Act regulations,
and in order to protect broader human health. Consumer Con-
fidence Reports, which by regulation have to be sent to all

....although water and wastewater treatment regula-
tions may be extensive, growing, often confusing and
sometimes conflicting, they are only likely to increase

in volume, extent and complexity in the future....

consumers of public water utility systems once each year, re-
port the observed levels of some 100 potential contaminants in
the drinking water. As mentioned, although this requirement to
measure and report has become a significant regulatory and
cost burden on drinking water utilities, many critics believe that
dozens of additional potential contaminants should also be tested
for.

One area of drinking water testing which has received consid-
erably more attention during the past few years is post-treat-
ment plant monitoring of the quality of water - after it leaves
the treatment plant and runs out into the underground distribu-
tion system. Although drinking water is very heavily regulated
and tested at the point of discharge from the treatment plant, it
seems remarkable that there is almost no monitoring of its qual-
ity once it is discharged into the distribution system which car-
ries it to our homes and businesses. Particularly given emerg-
ing concerns about aging pipelines, contaminant infiltration, and
chlorine disinfection by-products, it seems likely that distribu-
tion system monitoring will be more heavily regulated in the
future.

Water quantity monitoring is becoming much more important
as well, particularly in those areas where water is scarcer. This
area comprises a wide variety of instruments and systems geared
toward more accurate and efficient tracking of water volumes,
consumption and conservation habits - for example, broader
use of water meters on individual homes. In source water
applications, ultrasonic devices are increasingly used to mea-
sure flow rates in rivers and streams, so that users down-
stream can know how much water to expect. In agricultural
applications, more precise measurement of soil moisture, or
flow rates in irrigation ditches or center-pivot irrigation sys-
tems can be critical; as pointed out earlier, small percentage
efficiency improvements here can free up massive amounts of
water for municipal use.

As the above discussion makes clear, there are numerous points
in the water resource management cycle, and in wastewater
treatment processes, where massive amounts of data are col-
lected on either an occasional basis, or on a continuous and
real-time basis. And it's not just a matter of collecting the data.
Aggregating, transmitting, and analyzing all of this information
- turning these veritable mountains of data in to actionable in-
telligence upon which decisions can be made - is also a huge
undertaking. Such a massive amount of data may only be
useful if one has an efficient automation and process control
system, often referred to in the water industry as a SCADA
(supervisory control and data acquisition system). These are
systems which collect data from various sensors on a continu-
ous basis, and automatically process the information to moni-
tor, manage and optimize an overall process on a real-time ba-
sis. In short, systems to manage, transmit and evaluate the
data are just as critical in the overall scheme of things as are the
sensors and instruments which initially collect the data.

7. Technological Solutions:  Although incremental
technological advance is ubiquitous across the water industry,
few observers believe that there are any truly revolutionary
technological breakthroughs around the corner which will radi-
cally transform the business. But there are thousands of tech-
nology developers actively working on developing and com-
mercializing better "mousetraps,” and there is a steady march
of innovation in many different sectors of the business.

Perhaps the most well-known example of this incremental but
steady technological advance is the improvement in efficiency
which has been achieved over the past couple of decades in
reverse osmosis (RO) - one of the primary technologies behind
seawater desalination, as well as water treatment and waste-
water recycling. The rapidly declining cost and increasing ef-
ficiency of membranes have made RO treatment of raw water
and desalination of seawater increasingly feasible in many parts
of the world today - when it never would have been economic
a couple of decades ago. Likewise, rapid advances in water
testing and analysis are both helping us to become more effi-
cient in our usage of water, while also exposing new problems
which we must find new ways of dealing with.

Innovations are occurring not just in terms of new equipment
and better hardware, but also in terms of improved systems,
and enhanced application or combination of existing technolo-
gies. For example, as discussed elsewhere in this report, we
are seeing consistent advances in the use and application of
existing agricultural irrigation technologies - an area where small
steps can result in large benefits. Historical irrigation practices
have been notoriously inefficient - for example, the occasional
flooding of furrows is often employed when far less moisture
would be sufficient to sustain the crop. Advances in soil mois-
ture monitoring, remotely controlled center-pivot systems, and
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application of reduced water flows at the optimal time of day
are all contributing to more efficient irrigation.

All across water treatment technology, incremental enhance-
ments to existing technology and continual cost reductions are
on-going. A look at the agenda for any technology conference
in this industry quickly suggests the breadth of technological
approaches which are being applied to water treatment. Be-
yond the more widely known techniques such as membrane
filtration, UV radiation, chlorination, ion exchange, chemical
treatment, flocculation and settling, and so on, there is a broad
array of newer and developing technologies.

There is also an emerging focus on bio-mimicry - systems that
promote and enhance natural water treatment methods, such
as natural attenuation and constructed wetlands development.
In the water treatment arena - just as in the medical equipment
and other advanced technology fields - there is a growing rec-
ognition that better understanding and imitation of nature can
often lead to new treatment approaches - and simpler, more
elegant technologies.

The proper application of all of these improving technologies -
separately or in combination with each other - can help to solve
many of the world's water problems and challenges. But the
real solution to the problem in many areas - particularly around
the less economically developed parts of the world - is not
technology as much as it is funding. Indeed, many observers
of the global water crisis believe that the simpler and "lower
tech" approaches - sand filtration and enhanced natural wet-
land treatment rather than much more expensive reverse os-
mosis and the like - will be more logical, easier to implement,
and cheaper. Simpler technologies are ultimately likely to play
a more significant role in solving the vast majority of the world's
water shortages.

New applications of existing technologies or appropriately funded
new technologies can go a long way towards solving many of
the world's water problems. But we cannot be lulled into think-
ing that technology will automatically spring up to solve all our
problems - there is no "silver bullet" in technology.

8. Residential Consumption Concerns: As the gen-
eral public has become more aware and concerned about drink-
ing water issues, consumer preferences have become more
significant factors in the overall water business. The most
critical trend or consideration here is the growing concern
amongst consumers, particularly the more affluent, that tap
water may not be that safe to drink. Primarily because utilities
have not effectively marketed the true value of their product -
and partly because real quality problems do occur occasionally
- many consumers now believe they need to either buy bottled
water or further treat the tap water coming into their homes.
Right or wrong, this is a key driver behind several important
trends in the water business.

This tap water quality issue is developing into something of a
controversy between the water utility industry - the 55,000
agencies providing drinking water, most of which are munici-
pally or government-owned - and the residential water treat-
ment companies. The former group suggests that tap water is
truly one of the great economic bargains of all time. The latter
group - which includes point of entry/point of use (POE/POU)
equipment manufacturers as well as bottled water suppliers -
cautions that the only way you can ever really be sure your
water is safe is to treat it within the confines of your own
home, or drink it out of a pre-packaged bottle. The truth
obviously lies somewhere in between, although report after

report has shown U.S. tap water to be safe. Nonetheless,
these worries have strengthened the markets both for bottled
water and for POE/POU home treatment products. In addi-
tion, new markets are beginning to emerge in areas such as
residential water monitoring and testing services.

In reality, the explosive growth of the bottled water industry
over the past few years is a spectacular example of how cus-
tomer perceptions - rightly or wrongly - can create and drive
new markets. The extent of this phenomenon is staggering; it
is now the second-largest beverage category in the United States,
and Americans consumed some $10 billion worth of bottled
water in 2009. According to the Beverage Marketing Corpo-
ration, the reasons are clear - bottled water is "a healthy, safe,
ready-to-drink commercial beverage, which is becoming in-
creasingly affordable - a great beverage alternative." Providers
continue to market bottled water by promoting it as something
completely different than tap water - a concept which appar-
ently has been sold to a large swath of the American public.

The truth is - most of us could be far more efficient
and conservative in our use of clean water, without
really having to make any major sacrifices.

The truth here is (a) there is scant evidence that most bottled
water is any different or safer than tap water; (b) the bottled
water industry is not as closely regulated as the tap water busi-
ness, and in many cases may be far less regulated; and (c) the
"transportability" of water is easily accomplished by keeping a
couple of empty bottles around the house. Nonetheless, the
bottled water business has continued to boom - at a price of
hundreds to thousands of times higher than tap water. At a
time when many parts of the world face crippling water short-
ages, it is outrageous to many observers to witness the way
the bottled water craze continues to captivate wealthier regions.
But the fad may be moderating - many restaurants are now
promoting the virtues of tap water. With the economic hard-
ships that much of the country is enduring at the moment,
there will definitely be a change in the appetite of the American
public to pay such high prices for essentially the same sub-
stance that comes out of their taps virtually free.

A considerably more substantive and serious question which
arises out of the whole tap water safety debate has to do with
point-of-use treatment, and larger policy questions about the
efficiency of centralized water treatment versus "decentralized"
or "distributed" treatment of water. This issue ties back to the
very fundamental fact mentioned above - very little of our treated
municipal water is actually used for drinking. Put simply, if
we only drink one percent or less of all the water that is treated
to our very stringent regulatory standards, does it make any
sense from a broader perspective to treat all of our water to
these exacting standards? Would it not make more sense to
treat water to lower standards at centralized facilities, at much
lower expense, and gradually develop an infrastructure where
individuals treated water at the point of use for the specific
intended purpose? In other words, would we save money
overall if we quit building expensive centralized plants and in-
stead required each home to treat the small amount of water
that they drink, cook with or bathe in - at the point where it is
actually consumed?

This would obviously require a massive rethinking and rebuild-
ing of the water infrastructure system in the country - and
hence, it is not likely to happen any time soon. However, over
time, we may indeed see more and more consumers taking
matters into their own hands, and treating or retreating water
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to their own specifications at the point of use. The residential
water treatment business is one of the more rapidly growing
parts of the overall water business, and probably will acceler-
ate in the future. Indeed, some utilities in California have al-
ready tried to bridge this gap, and are offering to provide POE
treatment devices to their users in order to avoid the expense
of investing in centralized treatment upgrades. This issue of
decentralized treatment seems likely to represent another broad-
ranging policy debate of the future.

9. Controversy About Privatization: There are many
contentious issues in the water market, but none are as divisive
and polarizing as the debate over the appropriate role of private
capital and the private sector in the provision of water. Con-
troversies about privatization, out-sourcing and the proper role
of private companies are frequent and widespread - and they
only seem to intensify in the United States, as the years roll by.
The viewpoint on one end of this spectrum seems to propose
that the water business would be better off if it were entirely
privatized, while those at the far opposite end fervently believe
that there should be no role for private industry in water what-
soever.

The truth behind all of these rigidly black and white positions
obviously lies somewhere in between. These aren't simple
questions - they are very complex issues, upon which reason-
able people can disagree. However, simply spouting one ex-
tremist view or the other sheds little light on the problem.
Participants in the water industry must move beyond the fruit-
less rhetoric occupying either extreme on this spectrum, and
move towards the most effective balance between extreme
points of view.

The basic arguments against privatization of water assets re-
volve around concerns about the motives of private, for-profit
firms - and the philosophical sense that access to clean water,
as a basic human right, should be equitably priced and pro-

Today, most people don't pay a lot of attention to

conservation and recycling of water, but they will

when water prices begin to impact their pocket-
book more significantly.

vided to all. Many people simply believe that water resources
are a part of our natural heritage which should never be en-
trusted to private companies to own, manage and disburse.
Given the isolationist attitudes that have evolved in this country
since 9/11, the fact that many of the water privatization and
contract operations firm are foreign-owned has only led to fur-
ther concern and suspicion.

However, the situation is far from a "greed gone wild" scenario
of faceless, evil corporations jacking up prices and flagrantly
gouging the poor - the scenario that is, unfortunately, often
portrayed by privatization opponents. There are often funda-
mental and compelling economic drivers which tend to sup-
port the consideration of greater privatization in the water in-
dustry. For example, few municipalities enjoy over-flowing
coffers, and few public officials who wish to be re-elected
want large user fee or tax increases on their watch. Many
public works managers are between a rock and a hard place -
technical requirements, regulatory complexities and overall utility
costs continue to increase, but the general public remains very
resistant to increasing taxes and users fees. Sometimes, the
best solution to this dilemma may be to turn to private compa-
nies and/or private capital to finance, build and operate the water
or wastewater system under long-term contract. Typically
unrecognized is the fact that, as natural monopolies, all private

water utilities fall under extensive and strict regulatory control
from state Public Utility Commissions. Indeed, privately-owned
utilities are far more closely regulated in terms of price in-
creases than are municipally-owned utilities.

It is worth noting that in many parts of the world, the private
operation of drinking water systems is taken for granted, and
in fact is the operational norm. The French, and more recently
the British, are the world's major players in terms of private
water management and operation. And privatization and con-
tract water operations are significant and growing in many other
parts of the world. Global Water Intelligence reports that about
ten percent of the world's population is currently served by
private operators - a figure that is expected to grow to 16 per-
cent by 2015. More than 45 percent of the population in West-
ern Europe is now served by private operators, with rapid
growth occurring in the Mediterranean and North African re-
gions.

Hence, it's quite ironic that the United States, which its defend-
ers like to consider the home of free enterprise and the bastion
of democratic capitalism, has such a resistance to private wa-
ter systems, while in European countries that we tend to think
of as marginally socialist, private water systems are common
and widely accepted. One recent European report accuses the
United States of maintaining a "bunker mentality" in terms of
being close-minded to privatization, and the possible solutions
this could bring to a variety of water infrastructure problems.

In summary, despite the cries and concerns of labor organiza-
tions and various public interest groups, the urgency of
infrastructural needs and the political difficulties of increasing
taxes or fees make it likely that privatization - under various
names - will become a more important factor in the water busi-
ness. Although the growth rate of out-sourcing has slowed a
bit over the last few years, the fundamental drivers behind
privatization and consolidation - huge capital needs, techno-
logical and operational synergies, limited public funds and a
widespread aversion to higher taxation - remain strong. At the
same time, it is clear that private operators are going to be
judged by a very demanding and critical public.

Access to clean drinking water obviously has to be viewed as
an inalienable human right. And poorer people, particularly in
the developing world, should not and cannot be denied the right
to water simply because they may be unable to afford to pay
for it. Subsidies or other types of government involvement in
markets must clearly protect those at the bottom end of the
income scale. There is no serious industry observer who would
argue with that. However, we also have to be practical and
remember that clean drinking water costs hundreds of billions
a year worldwide to store, treat and distribute - and that we as
a society somehow have to pay those bills. Despite what
some uninformed observers may claim, clean water certainly
isn't - and can never be - free. The fact that access to water
should be viewed as a fundamental human right does not imply
that private capital and private companies shouldn't be involved
in water.

We need to avoid arguing and wasting time debating these ideo-
logical extremes - the problems are pressing in many areas,
and the time may be short. Water must be provided at reason-
able cost to all, but a more market-oriented approach could go
a long ways towards making that possible. Privatization should
not be viewed as the answer to all problems, nor should it be
viewed as the enemy in helping clean water to flow for all. In
the end, it should not matter whether the water provider is a
private or public entity - what matters is that people have ac-
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cess to water, that the quality of that water is acceptable, that
natural hydrological systems are preserved for future genera-
tions to use, and that prices and profit levels are reasonable.

10. Rapidly Growing Commercial Markets: Although
we all typically and casually talk about the "water industry,"
strictly speaking there is really no such thing as the water in-
dustry. What there really is instead is a broad collection of
fundamentally rather different businesses - all of which have
something to do with delivery of clean water, but which can't
all be classified accurately under any one single heading. As
most observers loosely use the term, the "water industry” in-
cludes a broad array of sectors: steel and concrete pipe manu-
facturers; specialty chemical producers; measurement, moni-
toring and testing firms; tank manufacturers; all kinds of treat-
ment equipment manufacturers; new technology developers
of all stripes; manufacturer's representatives who sell all of
these things to different end users, engineers and consultants;
contract operators of water plants, and many others. These
companies may be quite different from one another; indeed,
their only real similarity may be that they are somehow in-
volved in the process of providing clean water. A quick look
through one of the numerous manufacturers' directories serv-
ing the water business conveys the true breadth of "the water
industry."

A diffuse and fragmented industry like this is difficult to clas-
sify and analyze. And obviously, when it is difficult to even
define an industry accurately, it is much more difficult - if not
impossible - to accurately estimate its size, growth character-
istics and other market attributes. Consequently, there is a
real paucity of reliable market research and intelligence in the
water business. Nonetheless, there are some conventional
wisdoms and at least rough market statistics for the overall
water-related business. The size of the domestic U.S. water
and wastewater industry is generally estimated at around $140
billion per year, as summarized in the Table below.

At first glance, this appears to be a fairly simple table. These
data were assembled by a general "supply-side aggregation”
approach - identifying the primary and larger companies in each
sector, adding up their annual revenues, estimating the magni-
tude and rough revenue size of the remaining smaller players,
and then totaling everything up. A more thorough analysis of
these summary figures, however, and some of the more de-
tailed assumptions and data behind them, reveals some inter-
esting insights about the industry.

First, note that the fees that we all as individuals or businesses
pay to utility organizations (either municipal or investor-owned)
for drinking water and sewage treatment services comprise
about two-thirds of the estimated annual tofal spending on water
in this country - i.e., the last two lines in this Table. From the
business perspective, it is critical to remember and understand
that the vast majority of these revenues are paid to municipal
and public agencies - some 55,000 water utilities and about
16,000 wastewater utilities - not private companies. Only about
fifteen percent of Americans receive their drinking water from
private companies; a much lower percentage applies to the
wastewater treatment sector of the business. Hence, these
dollars for the most part are not "private industry” revenues -
that is, they aren't really available to private companies or ser-
vice providers, at least over the short-term.

Hence, another way of segmenting the water industry might
be to divide it into a "public" sector and a private or "commer-
cial" sector - where the former is roughly twice the size of the
latter. Nonetheless, many new observers or potential investors

The U.S. Water Industry
(Revenues in Millions)
Business Segment 2012 2011-2012
Revenue  Growth
Water Treatment Equipment $11,310 1.6%
Delivery Equipment $12,470 2.6%
Chemicals $4,610 3.6%
Contract Operations $3,080 2.9%
Consulting/Engineering $10,300 4.9%
Instruments and Testing $2,220 3.7%
Wastewater Utilities $49,290 4.0%
Drinking Water Utilities $45,740 3.2%
Total U.S. Water Industry $139,020 3.8%

Modified from the Environmental Business Journal, 2012

simplistically and incorrectly assume that since the U.S. "water
market" is so big that there must be plentiful opportunities to
find and invest in large and exciting companies - ignorant of
the fact that a large percentage of these revenues flow through
publicly-owned or managed organizations.

Second, notice that the right-hand column of this table under-
lines the sectoral variability mentioned earlier. Projected longer-
term growth rates for different sectors of the various water-
related industries show considerable variation, and it's interest-
ing to note that the fastest growing sector is projected to be the
water utility industry itself - the largely publicly-owned water
delivery agencies. This is, of course, primarily a manifestation
of the rising water prices rather than consumption - once again
the key and recurring theme across the world water industry.

Even though this Table breaks out a number of sectors of the
water business, it is important to further note that each line
here is in turn comprised of a number of "sub-niche" areas that
are not broken out, and which may also have widely differing
characteristics. For example, the category of Water Treat-
ment Equipment is estimated here to be growing at a rate of
about 2 percent per year. However, within that broad sub-
category, there are different types of treatment technologies
which may be growing at considerably different rates. A re-
cent report by the Union Bank of Switzerland (UBS), for ex-
ample, estimated the following more detailed growth rates for
various treatment technology sub-sectors: activated carbon
treatment was estimated to be growing at 5.5 percent annually,
ozonation at 8 percent, reverse osmosis treatment at 10 per-
cent, ultraviolet radiation disinfection at 13 percent,
microfiltration and ultrafiltration membrane treatment at 15 per-
cent, and membrane bioreactors at 20 percent. This same
qualification would apply to many of the other sectors high-
lighted in this Table - underlining again the variability and com-

....much of our current consumption could be
recovered and reused in a variety of applications
without anyone ever having to drink directly
"recycled" wastewater.

plexity of the water industry when one dives down to a deeper
level.
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Another key observation is that these growth rates of indi-
vidual sectors are themselves changing as the industry changes
- as water scarcity and quality problems become more severe,
as technologies evolve and improve, and as public awareness
and demand for new products grows. For example, even though
water treatment chemicals comprise a fairly large piece of the
commercial market, many observers believe that the average
growth rate of this sector will gradually decline, as chemical
treatment methods fall out of favor. Or, as another example,
this Table used to show Contract Operations as one of the
fastest growing segments of the commercial industry; how-
ever, with growing public opposition to privatization, forecasts
for this sector have dropped off considerably. Nonetheless, as
more and more public utilities - particularly the roughly 50,000
smaller ones out there - face daunting technology and regula-
tory challenges as well as fiscal squeezes, this sector may again
enjoy higher growth rates in the future.

Growth rates in traditionally less glamorous sectors, such as
the infrastructure equipment business, are also likely to increase
in the future. Sectors like in-situ pipe rehabilitation, advanced
infrastructure diagnostics and water loss management, are likely
to exhibit increasing growth rates as more and more capital is
poured into maintaining and upgrading the nation's infrastruc-
ture. When one peruses the EPA's estimates of future capital
expenditure requirements, it is clear that a high percentage of
future spending will be going into things such as steel and con-
crete pipe, pumps, valves and storage tanks. This may not be
the "sexy" side of the business, and the companies in this sec-
tor are only just beginning to attract much attention from Wall
Street analysts - but there is little doubt that this is where many
of the dollars will be spent.

And what about the broader global water industry? If data for
the U.S. market is sparse, then information for most of the rest
of the world is truly speculative. While the U.S. is clearly the
world's largest individual market, it is also increasingly clear
that the water market in many other countries or regions is
showing faster growth than the U.S. market - and that simply
put, opportunities abound for water companies in the rest of
the world. Conventional wisdom seems to suggest that the
total world market is about four to five times the size of the
U.S. market. Several reputable parties have pegged the level of
world business at around this level. The English publication
Global Water Intelligence (GWI) recently estimated the global
market at about $500 billion per year.

Even though the water industry is already a wonderfully di-
verse hodge-podge of different products and services, new
business sectors and new opportunities continue to emerge all
the time. New companies continue to emerge, and older pre-
existing companies continue to diversify - refashioning new
products or services, and redefining themselves as water play-
ers. For example, water "loss management" services and con-
trol technologies seems to be one emerging sector of the mar-
ket - products and services geared to locating, measuring and
repairing the vast water losses that can occur due to decaying
underground infrastructure. The types of products in this
emerging sector include surface leak detection systems, ro-
botic and video pipeline monitoring technologies, high-preci-
sion flow monitoring and metering technologies, and pipeline
rehabilitation systems. Several companies have focused their
strategic growth plans in this area - on the assumption that as
water becomes scarcer and more valuable, one of the most
immediate solutions is simply not to lose so much of the water
that is already in the system. The Miya Water Group was set
up recently in Israel to deal with exactly these sorts of prob-
lems around the world. Several of the other conglomerates

working to build an international presence in the water busi-
ness, such as Idex Corporation, are also moving to provide
broader solutions in this area.

Another rapidly emerging sector of the water market involves
innovative systems and technologies for measuring and imple-
menting more efficient agricultural water usage. The reasons

The viewpoint on one end of this spectrum seems to
propose that the water business would be better off
if it were entirely privatized, while those at the far
opposite end fervently believe that there should be
no role for private industry in water whatsoever.

behind this are pretty clear: in many arid parts of the world,
agriculture is responsible for a high percentage of total water
consumption - 80 percent or more in many arid western states,
for example. Hence, better conservation and small percentage
efficiency gains here can free up a lot of water for municipal
and industrial usage. While firms such as Lindsay Manufac-
turing and Valmont (see pages 6 through 8) have long been
publicly-traded companies active in the manufacture of center-
pivot and other agricultural irrigation systems, they are now
being joined by a bevy of new and existing private companies
looking at innovative new means of conserving irrigation water
usage.

Companies that were scarcely thought of as water firms a few
years ago - such as the Toro Corporation - are more and more
being classified as water industry players. The heavy agricul-
tural equipment manufacturer John Deere has made several
significant acquisitions in this area in the last few years, and
clearly has designs on becoming a leading player in the irriga-
tion marketplace. Not surprisingly, due to their very arid cli-
mate, Israeli companies are amongst the leaders in this emerg-
ing sector. And it is not just more efficient treatment or appli-
cation systems that are of interest here - better monitoring and
measurement capabilities are critical as well. Real-time and
wireless micro-level soil moisture monitoring can improve ag-
ricultural productivity, save energy, reduce fertilizer usage, and
at the same, cut waste and free up scarce water for other uses.

Rainwater harvesting is another new and emerging sector -
comprised of a range of new technologies and approaches for
the collection, storage and efficient utilization of the water that
falls out of the sky, before it runs away "unused" into the storm
sewer systems, rivers or oceans. An off-shoot of this is the
move to "green infrastructure" that we discussed earlier - de-
sign and construction techniques geared to more effectively
utilizing storm-water, and keeping the run-off out of the com-
bined sewer system. This includes things such as more po-
rous pavement, green roofs, new urban park design and so on
- approaches geared to "slowing it (storm-water) down, spread-
ing it out, and soaking it in."

Within the broader water treatment sector, many new tech-
nologies continue to be developed, and existing technologies
continue to be applied for the first time to water treatment
applications. A review of start-up and "venture capital-type"
technology companies in this industry can make the head spin
- such things as electrocoagulation, sonication, cavitation, dem-
ineralization, forward osmosis, ozonation, electro-deionization,
biocidal disinfection, electrodialysis reversal, and multi-stage
bubble aeration. As discussed, few of these new technologies
are expected to revolutionize the industry, but incremental tech-
nological advance is ubiquitous in the water industry. Promot-
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ers of "better mousetraps" - as well as snake oil salesmen - are
pervasive across the water industry, and growing numbers of
early-stage venture investments are being made in new water
treatment technologies. A particular recent focus has been
concentrated on wastewater resource recovery - approaches
and systems to not only treat wastewater, but also to recover
valuable components, like phosphates, out of wastewater
streams - not only because they promote undesirable biologi-
cal activity downstream, but also because other natural sources
of phosphate are rapidly declining.

One final example of an area that is emerging and beginning to
crystalize into a specific sector of the marketplace involves the
ownership, trading and marketing of actual water rights - par-
ticularly in the western United States, and in other regions where
scarce water consumption or usage rights are starting to be
allocated by various types of nascent market mechanisms. The
ownership and trading of water rights has, to date, generally
been restricted to the more arid Great Plains and southwestern

Privatization should not be viewed as the answer to
all problems, nor should it be viewed as the enemy in
helping clean water to flow for all.

regions of the country where the "prior appropriation" doc-
trine of water ownership is employed. Most of the business
transacted in water rights ownership has been between farm-
ers or mining enterprises - who originally held the historical
water right - and municipal agencies, which desperately need
that water today.

There are a few private companies and investment funds get-
ting involved in this area - in essence attempting to bring pri-
vate capital to bear in the development of public water supply
and development projects. There are also three public but tiny
companies that are at least partially involved with acquiring
and developing water rights - Cadiz Development, PureCycle,
and the Vidler division of Pico Holdings. There are other com-
panies that have tried and failed to get into this aspect of the
water business in earlier years, including a former public com-
pany called Western Water that filed for bankruptcy in 2005.
The Bass Brothers of Texas engaged in an unsuccessful effort
to buy and develop water rights in the Imperial Irrigation Dis-
trict of southern California several years ago. Likewise, T.
Boone Pickens had famously unsuccessful experiment in west
Texas, trying to corral extensive water rights for shipping east
to the Dallas area. Some of these efforts may have been ahead
of their time, and there is no doubt that this whole area is
fraught with market and political uncertainties -and is subject
to the whole controversy (detailed later) between public and
private approaches to water resource management. Nonethe-
less, investment vehicles of various types are springing up,
and more and more investors are taking a look at the possible
opportunities here.

In terms of the overall water business, many analysts have
predicted exploding growth over the near-term future. How-
ever, at least in most of these sectors, the real situation has
been more one of somewhat lower but very consistent growth
- a sort of "tortoise" rather than a "hare" situation. There can
be no doubt that fundamental supply and demand consider-
ations insure continuing - and probably somewhat accelerat-
ing - growth into the long-term future. Indeed, it is very diffi-
cult to construct any kind of reasonable future scenario in
which this industry will be characterized by anything other
than very steady and sustained growth. However, would-be
investors in this business need to understand that very few

sectors are growing at the 15 to 20 percent annual rates that
are often bandied about by uninformed financial commenta-
tors. The growth of the overall "business" will probably con-
tinue in the neighborhood of five or six percent a year - or,
generally speaking, a little in excess of GNP or population growth
rates. For strategic planning and analytical purposes, it is more
meaningful to talk about the growth and profitability charac-
teristics of individual market sectors than to try to peg growth
rates for the overall "industry."

While certain conventional wisdoms have taken hold within
the industry, it is truly difficult to document growth rates or
market size estimates with solid market data. Many studies
have tried, but even when all of these individual sectors are
defined and individually totaled up, we still don't have a very
good idea of just how big this total pie really is. Suffice it to
say, the world water market is huge, and in the final analysis,
debating or trying to pin down the actual figure is probably not
very productive. For most firms, rough estimates of specific
end markets in certain geographical areas are much more mean-
ingful - and thus more useful in terms of good business plan-
ning. Perhaps more important to recognize is the fact that
many of the key geographic markets, such as China, are at an
earlier and much more rapid stage of growth than is the United
States. With a total market that is agreed to be somewhere in
the range of hundreds of billions of dollars per year, and given
the truly critical underlying human needs and factors which
are driving the business, individual firms don't really need to
worry whether the world market is $400 billion or $500 billion
a year.

As water resource challenges are more broadly recognized and
understood, and as more and more companies position them-
selves to provide goods and services to help solve critical wa-
ter needs, there is anecdotal but increasing evidence that this
balkanized "industry" will gradually consolidate or coalesce into
a more distinct and more definable whole. As that happens,
and as more and more researchers, scholars and policy-mak-
ers turn their attentions towards water, better market informa-
tion should eventually become available.

11. A Surge of Investment in the Industry: With
broader recognition of the scale of world water problems and
the emerging opportunities to provide innovative new products
and solutions, thousands of strategic and financial buyers have
swarmed into this industry over the past ten to fifteen years -
in an attempt to establish a foothold for the future.

First and foremost, this has included a large array of industrial
consolidators and strategic buyers looking to diversify existing
water businesses, to expand tangential exposure to the indus-
try, or to establish a new platform in an industry which they
(rightly) believe is certain to show long-term growth. These
industrial buyers and recent industry consolidation trends are
discussed in the next section of this report.

Over the last several years, the water business has also at-
tracted the full range of other types of investors. For example,
there are literally hundreds of private equity (PE) firms looking
to establish a position somewhere in the broader water indus-
try. As other popular investment opportunities have faded, and
as the amount of cash held in private equity funds has ex-
ploded, a widespread interest and excitement regarding water-
related businesses has developed. Despite the "Great Reces-
sion" of the past few years, the total amount of capital sitting in
private equity funds still remains near the all-time high, and PE
fund managers find themselves today with huge amounts of
capital which they need to invest, and invest relatively quickly.

Please distribute this report to anyone who is, or should be interested in the world water situation. Please attribute TechKNOWLEDGEY Strategic Group when citing the information herein.



The water business is one attractive sector in which to explore
for good investment opportunities.

The water industry is potentially attractive to private equity
firms for several reasons. First, it represents a strong and very
consistent growth opportunity over the long-term future - there
is virtually no way that the size of the water industry is going to
shrink. Many sectors of the business offer the allure of high
profitability at the same time. Perhaps most critically from the
PE perspective, it is still a relatively fragmented industry, ripe
for consolidation. This offers PE firms the opportunity to con-
solidate various businesses together to build larger and more
valuable companies (although experience is showing that many
PE firms over-estimate the simplicity of implementing this type
of industry growth plan). Indeed, the only significant draw-
back from the PE perspective is the huge premiums that are
typically being paid for companies in this sector. Experience
has also shown that on larger or more sought-after transac-
tions, PE firms often cannot compete with strategic industry
buyers - they simply cannot compete with the "strategic pre-
mium" values that corporate buyers may be able to justify.

And there have been all manner of other types of financial in-
vestors investigating water opportunities as well. Venture capi-
tal investment in smaller, emerging technology firms has been
a particularly active market the last few years. Country sover-
eign funds - in particular those burgeoning funds from oil-rich
areas of the world like the Middle East and Norway - have been
seriously investigating water opportunities - both public com-
panies as well as large water resource development projects.
Many family offices representing private wealth, both in Eu-
rope as well as the United States, have become keenly inter-
ested in water investments as well - whether it be stakes in a
publicly-traded company, investment in smaller, private and
emerging companies, or in large water resource development
projects. More and more investors of all stripes are getting up
to speed on the world water market, and the range of invest-
ment opportunities available.

Nor is this surge of investment interest in water just an indus-
trial consolidation or a large investment group phenomenon.
There is also an expanding awareness and interest in water
investing on the part of the broader public as well. Existing
publicly-traded water stocks, though relatively few in number
in the United States, continue to be highly sought after by indi-
vidual investors, as evidenced by continuing strong valuations,
even in the tumultuous equities environment of the last few
years. (See pages 6 to 8 for a listing of the primary water-
focused publicly traded firms in the U.S.) Water-related hedge
funds, exchange-traded funds, and other types of investment
vehicles have proliferated during the past few years, though all
are similarly hampered by the relative paucity of public traded
U.S. water investment vehicles.

Although the market for initial public offerings (IPOs) in the
water sector has not been as active as one might expect over
the past few years, there have been a few new companies
coming on to the public markets. Water IPOs over the last
several years have included American Water Works (the largest
investor-owned utility in the country, which was publicly traded
prior to its acquisition several years ago by RWE, and then re-
floated onto the New York Stock Exchange); Cascal Inc. (pub-
licly traded for a couple of years, but then snatched up by a
foreign acquirer, Sembcorp, late last year); Energy Recovery,
Inc., Heckmann Corporation; Polypore, and others. Within the
last couple of years, although the IPO market has not been
strong, newly public companies coming on to the public ex-
changes have included Primo Water - a bottled water dispenser

that issued at a huge multiple to revenues - and Xylem, the
spin-out of ITT Corporation's water business, which is now
one of the world's largest pure-play and publicly-traded water
companies. Global Water Resources, a small Arizona water
utility, managed a small public offering on the Toronto exchange,
after withdrawing an attempted offering in the U.S. a couple of
years ago. On the other hand, Duoyuan Global Water - a major
Chinese water treatment and equipment player - which was
issued to great anticipation a few years ago, turned out to be a
complete fraud, perhaps helping to tamp down excitement about
rapidly proliferating Asian water stocks. As always, existing
public companies successfully completed secondary stock of-
ferings. There are also numerous private financial placements
and underwritings going on all the time for small but growing
water companies. Venture-type investments in newer start-up
water companies across the whole "clean tech" spectrum have
also picked up considerably over the past few years.

An interesting paradox continues to perplex many observers
here in the arena of water investment. In many regards, the
water industry has never been "hotter" from an investment and
financial opportunity and investment perspective. As described,
there is a huge volume of investment funds seeking to find an
interesting and profitable home in the water industry. Indeed,
it often seems like a veritable stampede of investors. Yet, all of
these investors are chasing relatively few real investment ve-
hicles - there simply aren't that many public companies in which
to invest, or sizable transactions occurring in the industry. In
terms of private investments or mergers and acquisitions, the
result is often extremely high transaction valuations.

This situation represents a major dilemma for the water indus-

Dominating a lot of the recent transactional activity

has been a mad frenzy to grab a piece of the rapidly

growing oilfield environmental and water manage-
ment services field.

try - and is often difficult to explain to newcomers, given the
growth and robustness of the industry. On one side, hungry
investors are complaining about the lack of good investment
opportunities, and on the other, the public is clamoring for funds
to accomplish the rebuilding and expansion of a dilapidated
water system. Given the urgency of the world's water prob-
lems, this is a situation which cries out for new and more
innovative approaches - for more creative financial vehicles
and mechanisms which will allow private investors to put their
money to work for the public good, and concurrently be able
to earn a competitive rate of return on those monies in the
process. There is a huge interest in water investment, and we
clearly have huge needs - we must figure out better mecha-
nisms and investment vehicles to connect this supply of "water
dollars" with the obvious demand for water dollars.

Although the global economic crisis has clearly impacted the
water industry over the last couple of years, water companies
- particularly water utilities - are more recession-resistant than
most other companies. If there is one thing that we don't cut
back on much during tough economic times, it is probably the
water that comes out of our taps. There may be some impact
on water consumption, but it seems to be fairly limited. Hence,
companies that provide water don't really experience much
impact from sharp downturns - or for that matter, sharp upticks
- in the general level of economic activity.

In turn, the product and service firms which sell things to
water utilities are likely to be at least partially buffered from
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sharp economic downturns as well. Given this tendency, in
combination with the urgency of water challenges in many
parts of the world, and the generally dilapidated state of water
infrastructure, it seems a safe overall bet that the water busi-
ness will remain a very vital and growing industry for a very
long time, largely irrespective of external economic conditions.
Indeed, many market sages believe that water stocks - and
water utility stocks in particular - represent the kind of funda-
mental value-based proposition - in some senses, a "store of
value" like precious metals - that few other industries will be
able to match.

12. Ownership Changes and Industry Consolidation:
One impact of the exploding strategic interest in the water in-
dustry has been a trend towards merger and acquisition activ-
ity within the industry, consolidation amongst the key suppliers
and vendors, and an on-going rearrangement of ownership of
key industrial assets. Merger and acquisition activity was
certainly resurgent during 2012. At times during the past twenty
years or so, this has almost resembled a game of "musical
chairs," with numerous major international companies seeking
to make sure they get a chair - to strategically position them-
selves to exploit future opportunities offered by the water busi-
ness.

First, it may be interesting to review a little recent history. The
widely discussed "foreign invasion" of the U.S. water industry
occurred in the mid-1990s, when British, French and German
companies gobbled up many of the larger suppliers in the U.S.
water business. These buyers were largely driven by the belief
that the U.S. water utility business was entering a wave of
privatization - similar to what was happening then in Europe
and the U.K. - and they bought a range of U.S. product and
service companies to strategically position for this projected
bonanza. However, that supposed trend towards widespread
privatization did not happen, and has not happened, as we saw
earlier. As a result, many of these acquisitions were strategi-
cally misguided, ill-timed or over-priced - oftentimes all of the
above. Hence, this cycle of European investment began to
reverse direction in the early 2000's.

Major assets owned by these earlier foreign consolidators then
began to change hands again, and many were purchased the
second time around by major U.S. industrial corporations.
Veolia, Suez, RWE, and most of the other major European wa-
ter companies retreated back to their original infrastructure
services and utility management businesses; most of these com-
panies have long since exited most if not all of their equipment
businesses in the United States. Global industrial firms such as
General Electric, Siemens, Danaher, ITT Corporation (now
Xylem), Pentair and 3M have emerged as new diversified wa-
ter service and equipment companies. General Electric's rapid-
fire acquisition of Ionics, Osmonics and Zenon - at very high
valuations - is the most often-cited example of this trend. To-
day, Severn Trent is the only major foreign water utility that
still has a significant equipment business in the States.

There have been fewer "block-buster" deals during the past
several years - probably more because of a dearth of large
pure-play acquisition opportunities than because of any lull in
strategic interest levels. Unfortunately, one result of the high
prices that GE, Danaher, and other large consolidators paid for
water companies is that they helped to drive average valuations
up, and left in their wake an unrealistic set of value expecta-
tions for hundreds of smaller technology developers, inven-
tors, and tinkerers - who now all seem to think that their "bet-
ter mouse-traps" should also be worth ten to twelve times
EBITDA.

This trend of huge over-valuation was at least temporarily cor-
rected by the tough economic conditions imposed during the
so-called "Great Recession." Transaction activity basically
ground to a halt during 2009 and the first part of 2010. How-
ever, in retrospect, 2011 and 2012 turned out to be quite a
surprise in terms of merger and acquisition activity in the wa-
ter business. Although observers had expected general eco-
nomic conditions to gradually improve, and although a bit of
"pent-up demand" for deal activity had clearly developed on the
part of many acquisitive companies, few expected the volume
and intensity of transactions that have once again transpired.
More significantly, almost no one projected a return to the huge
valuations of the early 2000s - but deal prices have sky-rock-
eted once again.

Water M&A activity in 2012 stayed at a fever pitch, and there
were a number of significant deals completed during the past
year. Perhaps the biggest transaction was the merger of the
Flow Control division of Tyco into Pentair - valued at about $5
billion. The deal was part of a bigger and more complicated
break-up of Tyco. The newly combined Pentair business is
projected to show pro forma 2012 revenues of around $8 bil-
lion, rising to $9.7 billion in 2015. EBITDA is projected to rise
from $1.1 billion in2012 to $1.7 billion in2015. From Pentair's
perspective, the deal will make it the largest company in the
business - and enhance its position in faster-growth markets,
reduce its overall exposure to the residential segment, and en-
able it to significantly deleverage its balance sheet. Pentair has

Recently discovered and increasingly economical
shale gas deposits in the United States could go a
long way towards achieving our ephemeral
energy independence - but only at the cost of
huge water consumption.

definitely become one of the most aggressive acquirers in the
global industry - it was only a year ago that it picked up the
highly-coveted membrane business of Norit.

One of the perhaps less expected deals of the year was the sale
of Norit's other primary business line - the activated carbon
unit - to Cabot Corporation of Boston. Cabot represented
another new name for the water industry. Norit's prior private
equity owners got $1.1 billion for this business - representing
an EBITDA multiple of almost twelve times - a strong valuation
for a chemicals company.

The French water giant Veolia sold the bulk of its U.K. regu-
lated water business to a joint venture private equity firm owned
by Prudential and Morgan Stanley. This was part of the firm's
restructuring plan to divest some $7 billion of assets by the end
of 2013, and withdraw from about half of the 77 countries in
which it currently has operations.

Dominating a lot of the recent transactional activity has been a
mad frenzy to grab a piece of the rapidly growing oilfield envi-
ronmental and water management services field. National
Oilwell Varco (NOV) continued its aggressive expansion into
the area by acquiring the publicly-held Robbins and Myers - a
$1 billion firm with businesses in the energy sector, pumps,
mixing equipment, and engineered systems. This deal went
for a total valuation of about $2.5 billion, and an EBITDA mul-
tiple of about 9.0.  Heckmann merged with privately-held
Power Fuels, a North Dakota-based oil-field environmental ser-
vices provider, significantly accelerating the company's strat-
egy of providing a one-stop-shop for comprehensive energy-
related environmental solutions. Even some of the solid waste
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management companies got into the game. Waste Connec-
tions recently jumped into this space by acquiring R360 Envi-
ronmental - a leading provider of oilfield environmental ser-
vices - at a valuation of four times revenue and almost 40 times
EBITDA. The frenzy of activity here suggests a bright future
for this sector of the market.

During the second half of the year, the industry has watched
the gradual exit of Siemens from the water business. In No-
vember, after several months of growing speculation, Siemens
announced that it would sell its remaining water business - the
remnants of the old U.S. Filter equipment business, which to-
day represents an estimated $1.3 billion in revenues. Siemens
got into the business in 2004 - following GE's aggressive ac-
quisition spree - and many thought it would be a strategic player
for the long-term. But eight years, three CEOs and numerous
reorganizations later, Siemens is throwing in the towel, saying
that the business has only minor synergies with their industrial
business.

The experience of Siemens, like that of its fellow German com-
pany, the power utility RWE, underscores that rapid changes in
strategy and direction that can sometimes occur in these larger
companies. Siemens is not the first company to perhaps get a
little too caught up in the frenzy and fad of water investments,
and they are by no means the first to perhaps over-estimate the
ease of making a profit in this industry.

As always, there are numerous on-going and significant smaller
deals. To mention just a few, the Swedish engineering group
Alfa Laval acquired Ashbrook Simon-Hartley, a U.S. provider
of belt filter presses and dewatering equipment, to strengthen
its municipal and industrial wastewater-treatment business.
Xylem continued to add to its rapidly growing Analytics Group
by acquiring MJK Automation of Denmark - a maker of flow
and level sensors. The international engineering firm MWH
Global divested its laboratory testing division - the largest wa-
ter testing and analysis facility in the country - to the Belgian
analytical services firm Eurofins Scientific.

New buyers continue to emerge over time. In the past, this
has included players such as Home Depot (which entered the
business a few years ago, and then abruptly exited) Ashland,
and Axel Johnson. This year Cabot was a new name to the
business, and we also saw quite a few players from the "oil
patch" begin to eye the water business - as the vast water
demands of tight shale gas production become better under-
stood. Traditional agricultural irrigation companies are eyeing
expansion opportunities elsewhere in water infrastructure.
Numerous other industrial companies, such as Idex, Roper and
John Deere seem to be interested in expanding their platform
and holdings in the broad water business. We will undoubtedly
see other new players emerge in the future, to try to identify
and wrestle down a platform in the water business.

So what should we expect for deal activity going forward?
First, it is abundantly clear that there remains a strong surplus
of demand - hundreds of potential acquirers are out there roam-
ing the countryside for deals. These hungry buyers range all
the way from the standard list of "suspects" amongst the large
domestic strategic buyers, to smaller industrial firms, large for-
eign buyers, firms in unrelated industries looking to get a toe-
hold in water, and of course the untold hundreds of private
equity firms. It doesn't seem like too much of an exaggeration
to say that virtually everyone wants to get into the water act
these days. But there are only a few quality sellers - of a
decent size - that come onto the market each year. Hence, we
would project a continuing supply-demand imbalance, and con-

tinuing high relative valuations.

13. Consolidation in the Public Sector As Well:
When we talk about industry consolidation, it is usually from
the perspective of the private sector - private companies merg-
ing with or buying each other, in the commercial sector of the
business. However, with the efficiencies and economies of
scale of larger water and wastewater operations continuing to
grow, it seems increasingly possible - indeed even necessary -
that consolidation within the public sector, or the municipal
utility business, will begin to occur as well. As observers are
increasingly pointing out, this just makes too much sense for it
not to happen.

Water and wastewater treatment are both very capital-inten-
sive businesses, and there is no doubt that scale can convey
distinct operating, technical and financial advantages - whether
the entities are privately or publicly owned. Yet, as we've seen,
the municipal side of the business is primarily made up of very
small local players - about 90 percent of all municipal drinking
water systems are categorized as "small" or serving less than
3,300 people. As regulatory and compliance requirements con-
tinue to pile up, and as the business becomes more technologi-
cally complex and expensive to run, it seems logical that some
of these smaller utility operations should find a way to combine
forces and take advantage of at least some of these scale effi-
ciencies. There has been some consolidation amongst private
investor-owned utilities - but, as we pointed out elsewhere,
privately-owned utility companies only represent a small frac-
tion of the overall infrastructure. Hence, a policy debate is
emerging around the challenges and the potential benefits of
combining smaller public water and wastewater utility opera-
tions.

Relative to private transactions, trying to combine or "merge"
municipally or governmentally-owned systems is far more dif-
ficult financially, and is obviously fraught with a whole range
of sensitive political and fiscal challenges. However, such
"mergers" or combinations would definitely make good eco-
nomic and operational sense. Many industry observers believe
that we must figure out some politically workable and accept-
able means of consolidating small and local water municipal
utilities. The alternative, they say, will simply be increasing non-
compliance, or even bankruptcy, as these small utilities will no
longer be able to keep up in an increasingly complex business
environment.

There are other broader and more vexing policy questions in
terms of this potential consolidation of smaller and local utili-
ties into larger "super-regional” utilities. How would a consoli-
dation of the public water utility business affect the delivery of
water and provision of sewerage services? Would such com-
binations include other municipal services, such as solid waste
and highway maintenance, or would they be restricted to wa-
ter and wastewater? Could such super-regional utilities priva-
tize themselves, and or even consider floating public stock?

..... it is abundantly clear that there remains a strong
surplus of demand - hundreds of potential acquirers
are out there roaming the countryside for deals.

Would it make sense to facilitate the merger of water and hy-
dro-based power utilities, to more effectively utilize their com-
mon resource - water? Despite all of these unknowns, it seems
likely that we will see more consideration of public utility con-
solidation in coming years.
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14. Growing Concerns About the Impact of Global
Climate Change: As more and more evidence piles up to sug-
gest that climate change is indeed real, it is becoming omi-
nously clear that this will affect the hydrologic cycle, rainfall
patterns and future water resource availability - in numerous
and complex ways. Although we may still be a long ways
from understanding these complex interacting factors, one thing
is clear - increasing temperatures and more volatile weather
patterns will complicate and exacerbate an already dire water
situation. Vast new storage and transmission infrastructure to
accommodate shifting weather and precipitation patterns may
come first - particularly in the arid west, where melting snow
provides much of the water for spring and summer use.

However, and more ominously, shifting population trends and
large-scale human migrations could well be the ultimate result
decades from now. It may sound like heresy today, but from a
very long-term perspective, it seems inevitable that the huge
capital and energy costs of moving water to supply booming
desert oases such as Las Vegas will one day reverse, and we
will see the large-scale movement of people back to areas of
more abundant water. Volumes could be written about this
topic; it goes well beyond the scope of this report, but it is
important to start to think about the complications and huge
challenges which the water business may face in the future as
a result of incipient climate change.

IV. Moving Towards Solutions:

Although it is often easy to become discouraged with or over-
whelmed by the vast water challenges we face, fortunately
many water problems do lend themselves to small and incre-
mental solutions in many areas. Each of us can begin to take
steps to address water problems, as we will see - even if some
are only baby steps. There are also many larger initiatives and
solutions that we can help set in motion - both individually and
collectively - to address and reverse some of the more funda-
mental and problematic trends, and to begin to move things in
the right direction. Below, as we have done the last two years,
we will briefly examine a few of these recommendations and
ideas - taken from our 2011 book The Future of Water (see
brief description on the inside back cover of this report).

We Need to Develop Better Public Understanding of
Water Issues: We have already discussed this critical issue in

..... better public understanding of general water
issues could help to create great progress across the
board in addressing our complex and intertwining set

of challenges.

detail at the outset of this report, but nevertheless, better public
education programs are critical in helping the broader public
understand and really begin to address our myriad water chal-
lenges. If the broader population had a better understanding of
the nature and seriousness of the problem, then presumably
many of them would start to act more responsibly, and would
make wiser water decisions. For example, understanding that
recycled water can be clean and safe to drink; understanding
the water implications of having a plate of beef versus having a
plate of chicken; understanding the implications of flushing
unused pharmaceutical drugs down the toilet; understanding
that our infrastructure is decaying and that it will be costly to
replace; and finally, understanding that water prices will need
to rise in order to cover the costs of providing safe and sus-
tainable drinking water. The list of items goes on and on, but

better public understanding of general water issues could help
to create great progress across the board in addressing our
complex and intertwining set of challenges. We can only hope
as more and more people gain a better understanding of the
true scope of the water challenge and how they can impact it,
that they will start to make wiser decisions.

We Need to Think Globally, But Act Locally: Unlike
most other resource problems and constraints, water challenges
are typically regional or even quite local in nature. While tech-
nologies, conceptual solutions, and broad policy approaches
may be similar and applicable around the globe, application and
implementation of these policies and approaches need to be
carried out on a more location-specific basis.

If China burns cleaner coal, air pollution problems in Japan
may lessen. Water is different; improved water conservation
practices in California aren't going to help to alleviate water
shortages in southern India (although, as we will see below,
when water consumption is viewed from more of a virtual or
"contained" perspective, things are not so simple.) Some areas
don't really have any serious water problems yet, while others
face severe near-term crisis; each area is different. Observers
used to say that the western U.S. has a water quantity prob-
lem, while the east has a water quality problem, but now we
recognize that the whole country has both quantity and quality
challenges. Obviously, more arid regions generally tend to face
more serious and more immediate supply issues, even though
(counter-intuitively) it's not always reflected in the prices that
local consumers pay.

Water issues or challenges do vary widely from one watershed
basin to another, based on population, level of industrial activ-
ity, climatologic conditions and so on. Technological solutions
- such as desalination - may be economically feasible in one
area but not another, depending upon alternative supply sources,
local energy costs, or distance to the sea. One solution may
work best for us, while a completely different one might work
for our neighbors. In water, locally-based systems and imple-
mentation will always tend to work better than centrally dic-
tated plans.

This "local" perspective is most likely to follow the geographic
footprint of a single river basin area, or watershed region. Within
a watershed basin, all users tend to have the same problem or
face the same set of circumstances, and hopefully will share
similar objectives in terms of water resource usage and man-
agement. Within a single river basin, all users should be willing
to address - and pay for - certain water quality and water avail-
ability on some sort of equivalent basis. Meanwhile, water
problems may be quite different or possibly even non-existent
in a neighboring watershed basin.

It's worth noting there are some 260 "major" river basins in the
world, and that these watersheds cross 145 national bound-
aries. Furthermore, it is estimated that some 60 percent of the
world's population lives within those 260 basins. As water
becomes scarcer, these three simple facts point to the likeli-
hood of serious political conflict in the future. Although we're
obviously not going to start redrawing national boundaries, we
should try to reform political and social institutions to reflect
this more regional nature of water problems. In other words,
we should try to build political decision-making machinery that
will work to coordinate national and international governmental
structures around regional or watershed-based issues or chal-
lenges.

We also need to build new international coalitions and frame-
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works, and find innovative ways to cooperate - particularly
from the virtual water perspective. An example of this is the
recent purchase of vast swaths of land, and the development
of agricultural capacity in wetter central Asian countries by the
parched but wealthy Arabian Peninsula countries - a direct
acknowledgement that it makes more sense to grow crops where
rainfall is more abundant. In short, while one water allocation
or conservation solution may work better in one area, a differ-
ent one may work better elsewhere. And as we move forward,
there must obviously be some mix of "top-down" and "bottom-
up" strategies for sharing, and more efficiently allocating and
using water.

We Need to Pursue Incremental Technological Ad-
vances and Solutions: We already noted that there isn't likely
to be any major technological fix or "silver bullet" which is
going to miraculously emerge to solve all our water problems.
However, technology will continue to march forward, and we
can do much better in terms of financing, applying and sharing
technology and scientific understanding to better manage our
scarce water resources.

Even without the "iron hammer" of higher prices forcing us to
make more rational water allocation decisions, new technolo-
gies and systems can help us more efficiently produce and
consume water. For example, as we saw earlier, advances in
soil moisture monitoring and smarter irrigation techniques will
contribute important savings in agricultural water usage. More
widespread and advanced residential metering technologies will
help us to be more careful and smarter about the way we use
water at home. Techniques for in-situ repair and extension of
the life of existing infrastructure can mean less water loss and
wastage - and in turn, more water put to efficient use. Rain-
water harvesting - whether an individual tank on the roof of a
house, or a new storm-water collection system in a city - will
prevent available fresh water sources from slipping away to
the sea. Storing water in underground aquifers instead of in
surface reservoirs will reduce loss from evaporation, and the
lining of earthen irrigation ditches will prevent water from seep-
ing away.

Although we have not spent too much time in this report dis-
cussing desalination, this technology could theoretically pro-
vide virtually limitless new sources of clean water - particu-
larly in certain coastal regions of the world where much of our
population happens to be located. However, energy and envi-
ronmental questions, and geographic limitations mean that this
technology will generally only be practical in certain fairly re-
stricted areas - generally arid coastal regions with access to
relatively cheap energy. (The controversial and long-debated
Carlsbad project near San Diego just received final approvals
as we were preparing this report.) Mobile sea-going desalina-
tion plants may be able to address some of the environmental
questions, and provide emergency supplies to population cen-
ters that are experiencing droughts or short-term breakdown
in infrastructure.

Creative technology developers in this country are often frus-
trated by the myriad certification processes and regulatory hoops
through which they must jump, before they can get their new
technologies approved for widespread use. Policies to
incentivize new technology development need to be revamped
and streamlined so as to encourage, not discourage developers
of new ideas and products. Another oft-cited challenge for
technology developers in this industry is the glacial pace at
which municipal users tend to accept new or different tech-
nologies. Municipal clients, along with their external engineer-
ing consultants, should try to be a bit more adventurous and

willing to try new approaches and ideas to address their urgent
water or wastewater treatment needs. We should be doing
whatever we can to try to improve the regulatory and certifica-
tion process, as well as adjust consumer attitudes to promote
and encourage technological advance in the industry.

Clearly, there are vast opportunities to put new technologies,
innovative management systems, and bright minds to work in
addressing the world's water scarcity challenges. Advancing

Water will become a more critical issue and key
determinant in almost all personal, economic and
business decision-making.

technology can be a critical component in addressing global
water problems, but it must be exploited in combination with
more careful and conservation-minded attitudes, greater effi-
ciency in use, and smarter policies, legal frameworks and man-
agement approaches. At the same time, we have to remember
that technology alone cannot be relied upon to solve all our
water problems. It may ease the pressure or delay the day of
reckoning, but none of technology's bright solutions should lull
us in to thinking that we don't need to continue to work hard
on water challenges.

We Need to Develop Smarter Laws and Policies: Talk
is cheap - it's easy to say that we need to reform the way in
which we legislate and regulate water issues. However, it's a
completely different challenge to actually figure out a way to
enact such changes, and put them into practice.

It's apparent that we need to think about refashioning many of
our long-standing policies, regulations and laws - indeed, our
whole way of thinking about water. Government subsidies,
major federally-funded water projects, and interstate water dis-
tribution and irrigation programs over the past hundred years
or more may have all been undertaken for what might have
been sound political or economic reasons at the time. How-
ever, in some cases, they may have seriously distorted the
workings of localized markets, or led to usage and allocation
decisions that may not be in the best interests of the broader
population today. Our current regulatory structure, while well-
intended, often creates conflicts or unnecessary hardships, and
sometimes may not even protect us against many of the con-
taminants and health risks it was designed to avoid.

Although we have just argued for the need to develop specific
and local solutions to water challenges, there are also many
broad and over-arching policy questions and legal frameworks
that must be addressed in a more holistic manner at the national
or even international level. As mentioned, there are many criti-
cal watershed-based concerns that don't follow political bound-
aries, and which can only be solved by international coopera-
tion. Even more vexing are the challenges of trans-boundary
underground aquifers, where the Texas-style "rule of capture"
usually applies - "whoever has the biggest straw, can take the
most water." In many of these international water issues, even
where there may be treaties or legal precedents in place, there
is typically no body or agency authorized to enforce such pre-
cedents.

To look at just the United States, the sheer number of different
federal agencies involved one way or another with water tends
to make policy coordination or change an almost impossible
challenge. Presently, almost forty federal agencies or entities
have some kind of authority over various water issues - and
they often act in isolation with only their own narrow objec-
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tives in mind. These entities are spread across six cabinet
departments, thirteen congressional committees and some
twenty-three subcommittees - all involved one way or another
in water resource management. Hence, it's no wonder that
federal water regulations and policies are sometimes confusing
or contradictory - and all of this is at the federal level, before
we even get down to state, local and regional watershed au-
thorities of various types. Consolidation of these responsibili-
ties into some sort of coordinated department or agency would
help get rid of the "silos" and make the job of holistically man-
aging water resources easier - the concept of "one water" pro-
moted by the Clean Water America Alliance (now the U.S. Water
Alliance) and other interest groups. Most politicians today throw
up their hands and say that such consolidation of power and
control is impossible - but it's going to become more and more
critical.

The whole arena of water resource ownership - the legal frame-
work of both the prior appropriation and the riparian water
rights doctrines - is coming more and more to the forefront of
water resource and management issues, particularly in the arid
western states. Questions and conflicts abound here, and re-
sistance to any type of change in the legal framework is staunchly
opposed by the senior agricultural and industrial users. Never-
theless, things may eventually have to change. For example:

* Is the prior appropriation - "first in time, first in
right" - doctrine still relevant and sensible today, or does it lead
to inefficiency and wasting of ever scarcer water resources in
arid regions?

* Have we created a system wherein municipalities
have to be hoarders in order to survive?

* Are the major interstate compacts that were inked in
the early or middle parts of the last century still equitable and
reasonable? Most people in the west can't imagine that these
compacts could ever be reopened or changed, but some day
they may have to be.

* How will these legal and historical frameworks po-
tentially be impacted by climate change? As we've discussed,
this is currently one of the great unknowables of the whole
water resource area.

Many observers have pointed out that we suffer not so much
from an absolute shortage of water as from an inability to prop-
erly manage and allocate that water which we do have. This is
a good perspective to keep in mind, but it requires us to resolve
a lot of these intractable policy questions and to reformulate
our political institutions. An Economist report from a few years
ago concisely concluded that water is "ill-governed and colos-
sally under-priced." Professor Asit Biswas of the Third World
Centre for Water Management, a leading authority on interna-
tional water management, has widely insisted that there is no
water crisis, and that we have plenty of water to go around -
we just need to get better at managing and using it. But, as
Peter Gleick of the Pacific Institute put it in a recent report,
"there is a vast amount of water on the planet - but we are
facing a crisis of running out of sustainably managed water."

V. Summary and Conclusions:

Now that we have reviewed many of the critical trends and
recent developments in the broader world water market, in
closing it is useful to turn our attention to four critical themes -
underlying and recurring themes which may offer ways of
beginning to address and resolve our pressing water problems.

We Need to Balance Our Resource Trade-offs In a

Smarter Manner: Water will become a more critical issue and
key determinant in almost all personal, economic and business
decision-making. This is already starting to happen - from
personal and residential decision-making, to the corporate board-
room, where water is an increasingly important component of
longer-term business strategy. But, despite our focus on water
in this report, it's not the only factor or input that we should
consider in making economic or social decisions. Unfortu-
nately, a logical and well thought-out approach to more sus-
tainable behavior with respect to one objective may often be at
odds with another objective. For example, it's often not pos-
sible to minimize our carbon and water footprints at the same
time. Buying asparagus grown in the central valley of Califor-
nia with scarce water transported from hundreds of miles away
may not be very good for our water footprint. On the other
hand, buying asparagus grown in Peru and shipped by air and
truck to the local grocery store is not very good for our carbon
footprint. As consumers, we will increasingly have to make
trade-offs in terms of trying to achieve admirable but some-
times conflicting objectives.

Or, consider another example - the "buy local" consumer trend
that is emerging in many areas as a means of promoting local
agriculture, eating fresher food, and reducing the carbon foot-
print of large-scale food transportation around the world. The
buy-local movement, while it has many attractive aspects, may
often be in conflict with the concept of water footprint or in-
deed, simply the actual availability of water. Does it really
make sense to use scarce water trying to grow vegetables in
the desert outside of Santa Fe so that wealthy residents can
enjoy the satisfaction of buying foodstuffs at local farmer's
market? If one looks around at many of the major and grow-
ing cities in the Southwest, and elsewhere around the world,
there simply isn't sufficient water or the appropriate climate to
locally grow all the needed food.

And it's not just water or energy considerations that go into
these difficult decisions and trade-offs. The other inputs or
decision factors that we have been highlighting also enter in to

The key policy question here is not really whether
prices should rise, but more how they should rise....

the equation. Labor costs and conditions are often issues. The
capital costs of making a product in one place versus another
place can often be quite different due to variable environmental
regulations - this is one reason why we've seen so much min-
ing and manufacturing move out of the United States over the
past few decades. Geopolitical, moral and ethical considerations
can also cloud and complicate these types of decisions. Should
we buy jogging shoes made in a plant in Asia with poor work-
ing conditions, when boycotting those shoes may put the plant
out of business altogether and drive those employees into even
deeper poverty?

Sometimes, evaluating a decision or a behavior and trying to
take into account all of these critical inputs can lead to some
very interesting, or counter-intuitive conclusions. Said another
way, when attempting to take into account energy consump-
tion, food consumption, and implied water and carbon foot-
print in carrying out routine daily tasks, some researchers have
come to some rather surprising, or even humorous findings.
For example, it's been suggested that in some cases it may be
more environmentally sustainable to drive your car to the store
to pick up a few items, than it is to bike or walk.

How can that be? Let's say you live in Norway - close to
abundant fossil fuel production - but where much of your food
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has to be grown far away, say on farms in Spain. Those Span-
ish farms have to be irrigated and treated with chemical fertil-
izers. When they are ready to be harvested, those water and
energy-intensive foodstuffs are flown in high carbon-footprint
jets to Norway and then trucked to the store, where you buy
them to provide your body with enough energy to walk or ride
your bike. Taking all of these various concerns and inputs into
consideration, researchers have (only half tongue-in-cheek)
been able to show that it is better to just hop in the car, utilizing
cheap local energy, if you need something from the store - and
save all that caloric "energy" needed to walk or ride your bike
there. And, as you might guess by now, this effect is even
more pronounced depending upon whether you're a vegan or if
you get your sustenance from eating beef.

.... fresh water is still abundant in many parts of the
globe. But it's not always clean, it's not always where
we need it, it's not always there when we need it, and

it costs hundreds of billions of dollars a year to
collect, clean, and distribute.

On the other hand, if you don't ride your bike to the store, you
won't have to use so much water to wash your sweaty clothes,
and you won't have to dump as much phosphorus into the
sewer from your detergents. But then again, water is plentiful
in Norway. One can talk around and around in circles on some
of these issues, but one can also begin to see the complexity of
really looking at an issue or a given behavior from a broad
environmental sustainability perspective. What is a unit of water
worth, versus a unit of energy, versus an avoided bit of carbon
into the atmosphere?

In summary, one approach or objective - like minimizing your
water footprint - may appear very logical or elegant when viewed
in isolation, but when it is viewed from a more holistic and
integrated perspective, things become murkier, and we under-
stand that many different approaches and objectives have to be
considered and balanced. As we step back and take a more
global view, it becomes clearer that all these issues are funda-
mentally tied together. We can't view any of these issues in
isolation. For any individual person in any specific place around
the globe, our carbon footprints, our water footprints, our ag-
ricultural footprints and food consumption are all tied together
in different and complex ways.

We Need to Think About Water Consumption in
Terms of Virtual Water: Virtual water is defined as the total
amount of water that it took to produce the goods and services
we buy - or that is required by the behaviors in which we
engage. We must start to incorporate this concept of virtual or
"contained" water into our consumption and commerce pat-
terns. International systems which promote the growth of
water intensive crops in more water-rich areas and exports to
relatively drier countries would help free up water in the drier
country for other more critical uses. This might help to create
a more stable political situation in the process. As water be-
comes scarcer and more expensive, this will naturally start to
happen - but we need to devise ways of hastening this type of
thinking. The liberalization of agricultural trade policies and
tariffs is obviously another vexing political challenge, but
progress here could contribute to better production decisions,
and ultimately to the individual competitive advantage of na-
tions.

At the same time, the concept of virtual water has serious limi-
tations, and may in some cases conflict with other trade or
consumer objectives, as we've discussed in the previous sec-

tion. Because food requires so much water, international trade
patterns in virtual water are essentially a reflection of trade
patterns in agricultural commodities. Stronger industrial coun-
tries without as much agriculture will obviously tend to be net
importers of water in the form of food, whereas less industri-
alized and more agrarian countries will tend to be agricultural
(and water) exporters - regardless of their natural water re-
sources. As Christopher Gasson of Global Water Intelligence
put it recently "you cannot tell peasant farmers in North Africa
or India that they should give up their land and become adver-
tising executives or bank clerks because those professions use
the least water." "Perverse" virtual water flows will continue,
but what really needs to be addressed - as we have emphasized
throughout - is the efficiency of water consumption where it is
most scarce.

As we noted earlier, improved direct water conservation prac-
tices in Colorado are not going to help solve water problems in
southern India. However, changing certain types of purchas-
ing habits in Colorado may indeed contribute to solving water
problems in southern India. Shifting patterns of food con-
sumption, or changes in our consumer purchasing could po-
tentially have a major impact on water availability elsewhere in
the world. These are big issues, and things are not going to
change overnight, but a better understanding of our real water
usage will allow us to at least think about how to make better
decisions.

We Need to Develop More Holistic Approaches to
Water: We all talk about different "kinds" of water - drinking
water, wastewater, storm water and so on - but hopefully this
discussion has demonstrated, in the final analysis and from a
more holistic perspective, that all of these different types of
water are all just simply one thing - water:

Too often, however, we all still think and behave as though
water were defined and characterized by these different labels.
Too many of us still think of ourselves as "storm water manag-
ers" or "drinking water guys" or "wastewater experts." Storm
waters and sewage are still typically thought of as a problem or
wastes to be disposed of - not as potential resources to be
harvested and productively used. Groundwater users are still
treated to a different set of legal and regulatory requirements
than surface water users - even though we understand now
that surface and ground waters are often interconnected. And
as we've just discussed, these perspectives and problems are
unfortunately reinforced by an increasingly archaic and often
conflicting set of federal and state laws, by a plethora of con-
gressional and legislative committees with disparate jurisdic-
tions, and by numerous water agencies with a single purpose
or narrow mandate. And it's generally the same situation around
the rest of the world.

We now understand that not only are most of our water prob-
lems inter-connected, but that they are also interrelated with
many critical issues beyond water - energy supply, air pollu-
tion, urban development, endangered species, transportation
and housing, and so on. The more we learn about a given
water problem, the more often it requires us to stretch our
thinking outside the traditional mindset of water sector profes-
sionals. We need to move beyond this patchwork type of ap-
proach. Our water policy is now too critical to be defined or
governed by these types of historical approaches.

This type of constrained thinking is a major cause of dysfunc-
tion as we try to formulate more of a national water policy.
The proverbial "silos" or "stovepipes" of different and often
conflicting stakeholders may have made some sense at one
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time in the past, but in a collective sense they are now woefully
outdated. And while many of us may be starting to grasp the
concept of "one water," we still don't usually act and behave in
the prescribed manner. It is much easier said than done - but
we need to get rid of all these little tails that are still trying to
wag the big dog. We need to think outside of these silos about
all of our different types of water, and begin to consider all of
them as just "one water."

Think for a moment about an astronaut circling in a spaceship
far above the earth, gazing out the window and looking down
at our spherical little planet Earth. From that perspective, it's
pretty clear that we are a separate and self-contained little ball,
mostly covered with water - a closed system, a zero-sum game,
an isolated and solar-powered desalination plant quietly floating
through space. We need to think of our water resources from
the perspective of that astronaut. We have a lot of water -
most of it is in the ocean right at the moment, some of it is
raining down over the continents in various places, some of it
is flowing down rivers and streams, some of it is sitting quietly
in underground aquifers or polar ice-caps, some of it is dirty
and waiting to be cleaned up - and some of it is flowing through
our houses, businesses and bodies at the moment. Each one of
us uses some of those molecules of water, we will make some
of it dirty, we will clean it up again, and someone else will use
it later. We can't create new water, and we can't destroy it, it is
just there - water - and we can use it, over and over again.

We Need to Prepare for the Inevitability of Rising
Prices: And finally we return to perhaps the most important
theme in the water market today - the desperate need to better

"The twin challenges of water quantity and water
quality represent an inexorable planetary crisis -
perhaps, as many have called it, the defining crisis of
the 21st Century.”

recognize the true value of water, and to move towards more
realistic and full-cost pricing of water. If there is one single
and inescapable conclusion resulting from any review and dis-
cussion of the world water situation, it must surely be this
inevitability of continuously rising water prices over the longer-
term - indeed, the urgent need for rapidly rising water prices in
many parts of the globe, to better reflect that true value. As
water prices rise, not only will they more accurately reflect the
actual costs and the true value, but they will also help - in a
gradually self-reinforcing manner - to facilitate many of the
necessary changes in thinking, policies and usage that desper-
ately need to occur.

Water has traditionally been priced so low that most users sim-
ply don't have any economic incentive to conserve it or use it
wisely. People naturally don't pay much attention or conserve
a commodity if they tend to view it as virtually free; until re-
cently, that is the way most people, particularly in the U.S.,
viewed water. And too many politicians around the world seem
to think, "If you want to stay in office, you have to provide
people with (essentially) free water."

The true cost of delivering clean water - as well as the average
price of water - is continuing to creep slowly upwards in most
localities, but in most areas, public pressures and governments
have not allowed prices to rise at the kind of rates which will
be necessary if we are going to upgrade and maintain our infra-
structure on a truly sustainable basis. Almost all water utiliza-
tion decisions and resource management issues would be far
more efficient and solutions would begin to emerge more quickly

if water was priced more realistically.

As prices rise, decisions about water usage will inevitably be-
gin to take on greater significance in the overall economy, and
many of the incipient trends discussed above will gather steam
- greater reliance on re-use and recovery, more emphasis on
conservation, a continuing trend towards more private-public
partnerships, and more rapid advances in technology.

Amongst observers and water policy leaders, there really isn't
a lot of dispute about this. The key policy question here is not
really whether prices should rise, but more how they should
rise - gradually and "naturally”" due to the market forces of
supply and demand, weak and distorted though these forces
typically are, or more through various government mandates
and policies.

However, there is the critical flip side of this coin - higher
water prices also inevitably raise the issue of the "ability to pay"
by different people all across society, and the question of
whether and how subsidies should be provided to certain parts
of the population. This is an issue which may not be adequately
addressed by market mechanisms, and which must receive
careful attention from federal and local policy makers. Indeed,
one of the great challenges of the future of water will be trying
to simultaneously treat and manage water more like a com-
modity so as to manage it more efficiently, while at the same
time recognizing that access to a certain amount of water is a
fundamental human right. In the U.S., we've tried to work out
that challenge with regards to food through the use of food
stamps and various other federal and state programs - and we'll
likely need something similar to assure adequate access to wa-
ter for all.

So, we still have many challenges to face and solve in the wa-
ter business. Yes, water frequently falls from the sky. Yes,
three-quarters of our planet is covered with water. And yes,
fresh water is still abundant in many parts of the globe. But it's
not always clean, it's not always where we need it, it's not
always there when we need it, and it costs hundreds of billions
of dollars a year to collect, clean, and distribute. Water itself
may be still be relatively abundant and cheap in many areas, but
the cost of water services - to collect, clean and distribute wa-
ter - are rapidly increasing. The twin challenges of water quantity
and water quality represent an inexorable planetary crisis - per-
haps, as many have called it, the defining crisis of the 21st
Century. The world's population has increased four-fold over
the last hundred years, but we still have the same amount of
water. The problem has developed gradually, but its ultimate
effect could be dire - thousands of people are already dying
every day as a result of water scarcity and quality problems.
And, unlike any other commodity, there is truly no substitute
for water. We are facing serious water challenges in the near
future, and we need to take more substantive and dramatic
steps right now to begin addressing these problems.

Steve Maxwell (303) 442-4800
Please note our new address:

443 Mountain View Road
Boulder, Colorado 80302
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viewing and commenting on the contents of this report.
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