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ABSTRACT OF THESIS  
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 Southern California’s urbanization was accomplished through the technologically-aided 

harvesting of  faraway water sources. Currently, procuring additional freshwater sources using 

conventional water delivery infrastructure is expensive, environmentally damaging, and rarely 

attempted as there are no longer sufficient freshwater supplies within reach. Climate change models 

predict a long-term decline in Sierra Nevada snowpack, threatening current freshwater sources.  In 

anticipation of  this, Southern California utilities have begun shifting to a strategy of  conservation 

and the development of  local sources such as groundwater, desalination, or recycled water. 

Progressive water agencies have built advanced infrastructure projects like Orange County Water 

District’s Groundwater Replenishment System (GWRS), the world’s largest and most technologically 

advanced indirect potable water reuse project.  At the same time, the region has been mired in a 

prolonged multiyear economic downturn leading many observers to advocate economic 

development through nurturing environmentally sensitive “clean tech,” industries.  This thesis 
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investigates the Southern California water industry in general and, specifically, the regional 

innovation system that has generated major breakthroughs in water reuse technology and 

infrastructure. It seeks to understand how this technologically innovative system emerged and the 

prospects for the region’s future economic growth.  Using an analytical framework derived from 

economic agglomeration scholarship, innovation systems literature, and an international case study 

analysis of  the water technology innovation systems of  Israel, Singapore, Netherlands, and Australia, 

this study employs qualitative interviews, industry analysis, and a case study of  the GWRS project to 

investigate the regional water industry. It finds a strong local industry—often led by a forward 

looking state government—with auspicious growth prospects, but with significant local 

impediments. 

 The fact that Southern California has become a global leader in the development of  water 

reuse technologies and infrastructure is notable because water reuse often evokes strong negative 

psychological reactions. Historically, “toilet to tap” campaigns against water reuse have been very 

successful, leading agencies and voters to reject reuse as a legitimate water source strategy. 

Nevertheless, the region has since become a global leader in water reuse.  My case study analysis of  

GWRS found a set of  unique circumstances starting with early salt-water intrusion on its wholly 

owned groundwater basin. As a result, the Orange County Sanitation District began to invest in the 

water reuse industry in 1976, focused on the GWRS’s groundbreaking predecessor, Water Factory 

21.  This early investment helped spur major private and public water reuse research and investment 

leading to a strong local industry in the region. Today the region is home to numerous water 

technology leaders—particularly in irrigation as well as the membrane technologies that are critical 

to water reuse and desalination. The region also has a large number of  innovative start-ups, as well 

as many of  the world’s leading water infrastructure engineering service firms.  Compared to other 

regional world technology case studies, however, the local industry appears less motivated in banding 

together and marketing its regional expertise.     
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 Water delivery systems are comprised of  multiple differing technological systems often with 

highly individualized components, making it difficult for entrepreneurs to scale or export products 

to different markets. Water infrastructure systems are also highly capital intensive, and managed by 

public utilities that are often risk—and publicity—adverse. In the Southern California region, direct 

and indirect price subsidies, inefficient water pricing regimes, and water utilities dependent on 

volume pricing models for economic survival, all conspire to reduce investment in innovative water 

technologies. Furthermore, the region’s severe fragmentation of  markets, customers, and particularly 

governmental administrative bodies—who often have conflicting missions—greatly complicates 

private sector decision-making, inhibits the development of  return on investment calculations, and 

retards potential industry growth. Confusing legal institutions regarding ground water rights, 

pollution responsibilities, and flood water management further complicate the development of  

innovative solutions to water problems. Despite these multiple and significant impediments, there is 

a vibrant and innovative regional water industry which is a global leader in water reuse and recycling 

technologies.

 Historically, California has been a global leader in progressive water legislation and water 

related research, which has helped spur these industries.  The state has continued this tradition but 

now often lags more progressive regions.  The state should consider fundamentally reorganizing its 

water governance institutions in order to align incentives, reduce inter-agency competition, and 

manage limited regional water supplies more effectively.  Water subsidies should be lessened and 

water agencies’ financial viability should be decoupled from volume of  water sold. Integrated water 

management strategies with appropriate groundwater management rules should be implemented, 

and enforced, by appropriate administrative bodies. Such a reorganization would spur economic 

growth as the local innovation system adapts. Additionally, the regional industry should consider 

working more closely together in order to promote the industry as a force for economic 

development and maintain the region’s position as a global center of  water innovation and 
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technological development. For example, the region was once home to the one of  the world’s 

dominate water technology corporate conglomerations, US Filter, now Siemens Water Technologies 

with national and international headquarters in Pennsylvania and Singapore respectively. Today 

Singapore, rather than Southern California is Siemens’s global research and development center.  

Other regions, even neighboring Northern California are rapidly growing their water technology 

expertise—occasionally at the expense of  Southern California. More effective regional governance 

and better public/private cooperation would further strengthen the region’s already robust industry 

and accelerate the local creation of  technological innovation. 
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I. Introduction

“Either you bring the water to L.A. or you bring L.A. to the water”
  - Noah Cross in Roman Polanski’s 1977 Film Chinatown

 In January 2010 the board of  the Metropolitan Water District (MWD), the regional agency 

that supplies over half  the water to Southern California, commissioned a Blue Ribbon Committee of 

experts charged with rethinking the powerful agency’s fifty year business plan, Vision 2060.  After a 

thorough analysis of  Vision 2060, the committee made an additional recommendation that MWD 

should become a global leader in managing water in arid urban environments; furthermore, they 

should take a leadership role in fostering the economic development of  the region through active 

promotion of  innovative technologies.  The committee thought that Metropolitan “could help create 

an industry cluster of  water technologies and management, of  potential global significance in 

Southern California” (MWD BRC, 2011:79)  The Blue Ribbon Committee’s recommendation is 

well-grounded in regional economic development theory.  Economic geographers have long 

understood that local specialized demand conditions—in this case supplying water to a dry urban 

region—can spur local innovation in equipment and services. This local innovation can give the 

business that supply those products and services a competitive advantage over similar businesses 

from other regions (e.g. Mashall, 1890; Porter 1990; Storper 1997).  The businesses that supply those 

goods and services can use that competitive advantage to profitably export, and thereby grow the 

local economy.  In fact, this is already happening in Southern California’s water industry where a 

globally significant industry cluster in water reuse technologies and the design and construction of  

reuse infrastructure is emerging.  Furthermore this cluster is a thriving center of  innovation, and 

potentially a vehicle for local economic development.    

 Innovation is an invention of  economic significance (Edquest, 1997). Understanding how 

innovation occurs is absolutely critical to modern economic development. Today’s modern 
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economic growth theories (e.g. Solow 1956; Romer 1986; Lucas 1988) are premised on the idea that 

growth comes from increasing returns to knowledge.  Yet these theories—and traditional 

neoclassical economic theory as a whole—say surprising little about the creation of  knowledge in 

general, much less how knowledge becomes innovation (Scott & Storper, 2003:1`20; Johnson and 

Lundvall, 1992; Stiglitz, 1987; Nelson, 1992).  Innovation is almost always the result of  learning, 

which occurs through proximity or via social networks. Therefore, innovation scholars have turned 

to studying propinquity and association as a—if  not the—key source of  innovation (Feldman, 1994, 

Amin and Thrift, 1995; Storper, 1997;). Understanding how a region promotes—or hinders—

innovation is one of  the most important questions in regional economic policy today.   Accordingly, 

this thesis seeks to understand how Southern California’s strength in water technology innovation 

developed, what sustains it, and what factors could transform the region into the BRC’s vision of  a 

global center of  water innovation. 

 Arguably, California’s history has been forged through successful innovation in the water 

sector more than any other region in the modern world. In the twentieth century, California water 

agencies built the world’s most advanced system of  waterworks. This system propelled the state’s 

growth into the nation’s most populous and prosperous state. Well before then however, California 

already had a very proud pedigree in water, with numerous technological inventions, engineering 

feats, and management innovations. The 1849 gold rush spurred the local invention of  hydraulic 

sluicing that felled whole mountainsides in pursuit of  yellow riches (Isenberg, 2006:23). This 

technological innovation enabled infrastructural projects such as the Los Angeles Aqueduct of  the 

Panama Canal to be built, without which the world would be a very different place. The massive 

mining and lumber operations of  the nineteenth century required equally massive water networks to 

transport goods to market; they are gone today but the legacy of  those operations has likely 

contributed to why California is now home to four of  the ten largest engineering firms in the world 

(IBIS, 2011). When pioneering farmers flocked to the verdant but salty Central Valley of  California 
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they not only built wells and canals and water agencies to manage them, but also created new water 

rights legal systems to prevent disputes and enable effective allocation (Hundley, 2001; Gottlieb, 

1991). California’s technical prowess in water technologies came in handy when oil was discovered 

and expertise in piping and pressure management was required to bring it forth, spurring the growth 

of  a whole new local industry including the world’s first offshore oil platforms (Yergin, 2008:429). 

When Hollywood followed the oil industry to Southern California and the population exploded—

along with the real estate market—the state created innovative institutions like the Metropolitan 

Water District (MWD) to ensure an ample water supply for regional growth. Growth came shortly as 

the aeronautics, defense industry, manufacturing, and communications industries, and more followed 

Hollywood. MWD is the powerful engineering and water distribution organization that built the 

massive Colorado River aqueduct and now supplies nearly two thirds of  all water to the semiarid 

south coast (CADWR, 2009). California’s economic growth has always followed the innovative water 

sector.

 But what is a “water sector”?  The procuring of, treating, transporting, collecting, and 

discharging of  water, all utilize different technologies that originate from several very different 

industries.  Indeed our modern taxonomy of  SIC codes does not have a unique SIC code for “water 

sector.”  Instead there are a whole range of  codes—water utilities, water systems (operations and 

construction), irrigation, various levels of  pipe manufacturing, chemical treatments, and 

manufacturing—covering the multiple technologies involved in the “water sector.” (Dinneen et al, 

2011). Additionally critical service providers, such as engineering consultants and contracting firms 

not only fall outside of  water industry sectorial codes, but they also often work in other sectors as 

well. Many of  the technological goods produced for the water industry, such as piping materials and 

chemical treatments also have significant overlap with external industries, such as the oil and gas 

industry or chemical engineering. The lack of  a clear definition and obvious distinctions from other 

industrial codes make water a very difficult “sector” to analyze.   
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Figure 1: Water Industry Cycle (Source: Rebecca Shields Moose from Dinneen et al, 2010:11)

 For the purposes of  this investigation I define the water industry as all of  the firms, 

agencies, contractors, and technologies that are involved in the extraction, transport, distribution, 

use, collection, and discharge of  water.  This would include everything from large-scale 

infrastructure contractors, to pipe manufacturers, to groundwater geologists, to specialized filter 

manufactures to chemical treatment suppliers to water monitoring device manufacturers. I concede 

this is perhaps an overly broad definition--certainly too broad to study sectorial trends effectively—

however, despite its inelegance this is an accurate description.  As I narrow my focus specifically to 

the Southern California regional water reuse industry, I will further limit my scale and concentrate 

only on agents associated with water reuse.  The water reuse “sector” overlaps heavily with the water 

sector, but also includes grey water technologies. In my analysis I focus predominately on the larger 

scale wastewater treatment industry, but do include some mention of  grey water innovations and 

small firms, as they are water reuse technologies. 
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Figure 2. The U.S. Water Industry Sales by Sector 1995-2010. (Source: Environmental Business Journal, 2011)

 California has a world-famous network of  water distribution infrastructure—over 17,000 

water works statewide—that is serviced by an army of  skilled utility employees and professional 

contractors (CADWR, 2012).  Today it is widely acknowledged that Southern California is reaching 

the limit of  large-scale infrastructural solutions—the region has simply run out of  easily reachable 

water (CADWR, 2009). Furthermore eminent climate change promises a permanently drier region 

with climate models forecasting dramatic declines in the Sierra Nevada snowpack—the main source 

of  the State’s water.  Today the largest project currently under consideration is the Peripheral canal 

that will reroute water around the San Joaquin/Sacramento Delta rather then through it. The new 

canal would not dramatically increase the state’s water supply as much as protect the environmentally 

sensitive delta, and in particular the critically endangered Delta Smelt (Hanak et al, 2011: 57).  The 

canal would also provide a measure of  security to water supply, in the event that the critically 

important State Water Project (SWP) canal ever fails due to an earthquake—highly likely in the 

seismically active region.  The peripheral canal, however, was soundly defeated in a 1982 voter 

referendum.  The project met with fierce resistance from environmental groups who continue to see 

the it as a handout enabling farmers to continue unsustainable practices. The proposal received 
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lackluster support from farmers, many of  whom thought the project was too focused on 

environmental issues and offered too few additional water resources for the expense (Hanak, 2011: 

59).  Today the state is still struggling over how to effectively manage the critical but environmentally 

sensitive Delta Bay region and the formally divisive peripheral canal may again be on the agenda.  

 Globally, most water is used for agriculture and in California over 70% of  water goes to 

crops—even more if  one counts residential landscaping in the figure (CADWR, 2009). As a result, 

California’s powerful agricultural industry of  the Central Valley continues to be an important voice 

in California water policy.  In fact, the valleys of  the Sacramento and San Joaquin rivers together 

produce half  the nation’s fruits, nuts and vegetables (Lauer, 2009:30).  If  the projected climate 

models are true, then water competition between thirsty urban regions and the important 

agricultural industry may come to dominate California’s water politics.  In addition to widespread 

adoption of  conservation we can expect that the costal urban regions with alternative options of  

desalination and water recycling and reuse, will need to develop these new sources and leave existing 

surface sources for agricultural uses.  Water trading schemes are also likely to develop. 

 Moreover Southern California has repeatedly experienced prolonged droughts, leading to 

enforced cutbacks in water usage (Lauer, 2009; Hanak et al, 2011).  A series of  successful 

environmental legal challenges have forced reductions in the human use of  water in order to protect 

endangered species and restore native habitat.  The 1983 Mono Lake decision  eventually forced the 

LADWP to begin restoring the Owens Valley.  The Owens lake had effectively been dry since 1921 

when the city of  Los Angeles purchased the riparian rights, completed construction of  the LA 

Aqueduct, and began pumping water over the Tehachapi Mountains to quench the growing city’s 

thirst (Hundly, 2001;  Resiner 1993). These challenges have forced California to continuing 

innovating.  The state has pioneered leading conservation programs, which have been so successful 

that the region uses nearly the same amount of  water today that it did in 1980, despite nearly a third 

more people (Cooly et al, 2010). Conservation continues to be an important tool for water supply 
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management; for example, the governor recently signed SBx7-7, which requires urban water 

suppliers to reduce per-capita water use by 20% by 2020 (ibid). Continuing urban growth, climate 

change, and legislation will further accelerate the necessity, and thus the pace, of  innovation.  

Furthermore, 19.2% of  all energy in the state is used for the transportation, treating, or  heating of  

water (Klein et al, 2005; Lofman et al, 2010). As pressure on energy supplies grows so too will 

pressure for innovative solutions that increase efficiency and reduce consumption.  Today nearly all 

political participants in the state recognize that conservation and the development of  more effective 

water technologies to manage, clean, distribute, and reuse water will be a key to providing sufficient 

water supplies for the state in the future (Hanak et al, 2011).

 At the same time the region currently suffers a crippling unemployment rate and the 

development of   new industries will be a critical component to rebuilding economic vitality. It is 

important to note that California’s water concerns are not unique; worldwide over 800 million 

people lack access to clean water, and more then double that lack access to sanitation (WHO-

UNCEP, 2012). Many proclaim that world is in the midst of  a “global water crisis” (source).  Many 

regions in the world, such as Northern China, are experiencing prolonged droughts that are thought 

to be a permanent result of  climate change (Zhi, 2010).  Already today the global market for water-

related equipment and services is estimated to have an annual turnover of  over $480 billion and has 

been growing at 5-7% a year (GWI, 2010; EBJ 2011).  Industry analysts expect the global market for 

water technologies to continue growing (Wagner, 2012; GWI 2010; EBJ 2011). Urbanization of  the 

world’s population is increasing so that by 2025 it is predicted that 70% of  the world’s population, 

over five billion people, will live in urban centers—with over two billion of  them in water stressed 

regions (WHO-UNCEP, 2011).  Urban populations will require the development of  new water 

infrastructure, and innovative technologies will be needed to make more out of  less. Southern 

California, with its vibrant entrepreneurial culture and strong tradition of  water research and 

innovation, is well positioned to become a global center in urban water technologies. 
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 Cheaper than desalination or large surface water transfer projects such as canals, reuse is 

increasingly seen as an inevitable solution to urban water shortages. Wastewater is a renewable and 

recoverable source of  energy, nutrients, and potable water; it is only a mater of  time until 

municipalities begin to shift from viewing wastewater as a burden to a resource. Auspiciously, 

Southern California is a global leader in Water Reuse Investment.  The state already has over 200 

projects statewide recycling nearly 450,000 acre-feet (AF) a year, with another 162 in various stages 

of  planning (Lauer, 2009:14).  As far back as 1991 the state established recycled water targets and 

now planters anticipate recycled water will make up 1.7 million AF by 2030 (CADWR, 2003). The 

state established The California Water Recycling Funding Program in order to see this through 

(CADWR, 2012).  As a result local water reuse projects such as the Orange County Groundwater 

Replenishment System and the Edward Little Center are internationally renowned as among the 

world’s most technologically advanced reuse projects in the world (GWI, 2010).  The recently 

announced Los Angeles Department of  Water and Power (LADWP)’s Hyperion water/energy 

cogeneration project promises to push the technological envelope even farther (Mendoza, 2012).  

Many of  the necessary technologies have been developed locally, and the contractors responsible for 

designing and building the project are also predominately local (Interviews, 2012). These firms are 

potentially well poised to be at the forefront of  the global explosion in urban water reuse. 

 Much cheaper than desalination, or massive surface engineering projects (Freeman, 2009), 

water reuse will likely become the norm among the world’s drier regions.  Cities, as home to the 

majority of  the world’s population and equipped with extensive water and sewage infrastructure, will 

be where water reuse technologies are implemented most extensively. Industry analysts such as 

Global Water Intelligence forecast phenomenal growth in water reuse infrastructure and 

technologies (GWI, 2010).  Southern Californian research institutions, such as CALTech, University 

of  California Los Angeles, and University of  California Irvine are at the forefront of  much of  this 

research.  Many of  the global leaders in manufacturing and supplying these technologies—
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multinationals such as Zenon, GE Water Technologies, Xylum, a water spin-off  of  the ITT 

Corporation, Siemens Water Technologies, Suez Degremont, and Violia (EBJ 2010; GWI, 2010), 

have operations in California, and many have subcontractors based there.  Locally-based 

Engineering services firms, such as Los Angeles-based AECOM, or Pasadena-based TretraTech are 

leaders in water infrastructure construction (Reina and Tulacz, 2011) and non-Californian water 

engineering firms such as MWH Global have water research centers located in Southern California 

(MWH Global, 2012). 

 Water reuse plants have a long history in California; most significantly the predecessor to 

Orange County Ground Water Replenishment System, Water Factory 21. Operational in 1976 it was 

the worldwide prototype treatment facility for reuse of  highly treated wastewater (OCWD, 2012). It 

was built to protect Orange County’s groundwater basin from saltwater intrusion. Several other 

plants were built in the 1970s and early 80s; for example, the Los Angeles-Glendale Water 

Reclamation Plant, or the Donald Tillman Plant (LACSD, 2012). However, water reuse remains an 

incredibly controversial topic. Despite its obvious economic logic, and reams of  scientific data 

clearly demonstrating its purity, the idea of  drinking wastewater derived from human waste [simply 

rubs most people wrong]. Psychologists have labeled this “psychological contagion” and have found 

it takes deliberate training to break (Speigel, 2012) The phenomenon often frustrates water 

engineers. They point out that nearly all water has actually been used and reused multiple times well 

before it enters your faucet. For example in Southern California our drinking water has already been 

flushed down the Colorado from every city between Denver and Las Vegas.  Regardless of  the 

science, “irrational” voters have repeatedly turned against water reuse projects for consumption 

(Marks, 2003).  Lower socioeconomic groups often react with the most indignation and resistance to 

the scientific arguments (ibid).  Being asked to drink sewage is perceived as just one environmental 

injustice too many.  Psychologists recommend mixing reused water with “natural” water to remove 

the psychological contagion (Speigel, 2012), and it is not an accident that projects like the GRWS use 
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natural groundwater and “spreading basins,” or large lakes, as intermediate steps before entering the 

drinking supply. Water reuse can also have negative environmental consequences. If  the water was 

formally discharged in a stream, waterway, or wetland, removal of  the water will change the 

landscape. In 2005 environmental considerations shut down a potential reuse project in San Luis 

Obispo when it was found the project might impact an endangered steelhead trout (Hanak, 

2008:11). 

 Today the majority of  California’s reused water is used for agricultural and landscaping 

purposes (Lauer, 2009, 14). Southern California does have several plants, such as West Basin’s 

Edward Little facility, that use recycled water for industrial purposes. However these techniques 

often require the construction of  additional delivery infrastructure, such as the laying of  ‘purple’ 

pipe which is specifically designed for water that does not meet health standards of  consumption.  

This substantially reduces the economic benefit of  water reuse as installing piping infrastructure is 

very expensive—up to 80% of  the cost of  water systems.  Today, the global water reuse industry is 

working hard to remove these psychological barriers to widespread adoption, and meeting with 

much success.  Many of  these education techniques are being employed here in Southern California 

first, and our experts are now traveling the world sharing their knowledge with other water scarce 

locales, such as Singapore and Australia (Interviews, 2011). As water reuse gains in acceptance, the 

industry will grow more legitimate which will accelerate its growth.  Additionally this research found 

a similar pattern with the development of  water reuse technologies—they are tested in California 

and that information is freely shared with officials in Singapore, Israel, and Australia.  In fact, 

members of  the Orange County water reuse teams also serve as advisors to Singapore projects 

(ibid).  In short there is evidence of  a global innovation system occurring.  As positive as this is for 

the global growth of  the industry, it may be mildly disconcerting  for Southern Californians to see 

firms such as Siemens, and CDM-Hill, two of  the principle firms involved in the development of  
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the Orange County GWRS project now setting up their global research facilities in Singapore even 

though both gained much of  their expertise in California.   

1. Research Questions & Methodology

 The four research questions I seek to explore in this thesis are: 

(1) Does Southern California have a cluster, or an agglomeration of  economic agents (i.e. utility 

professionals, technology researchers, established water firms, and—critically—emerging 

companies) in water reuse and recycling goods and services? 

(2) Does this cluster have the characteristics of  a functioning regional innovation system?  

(3) How does Southern California’s water regional innovation system compare with other water 

industry clusters throughout the world?

(4) What are the clusters’s prospects as a tool for local economic development? 

 When I began this research I was not initially limited to water reuse goods and services, but 

was, rather, looking at emerging water technologies more generally.  After the initial investigation 

commenced a decision was made to focus more narrowly on water reuse technologies. This was for 

three primary reasons: First, water technology, like the water sector itself, is a very broad topic and 

time constraints did not allow me to thoroughly follow every lead; second, it became clear that 

“something was happening here” in water reuse technologies that warranted further exploration; and 

third, through my review of  industry trends it became clear that the water reuse industry is poised 

for substantial global growth. Furthermore urban water reuse, a specialty of  our region, is 

particularly expected to grow with analysts predicting a doubling of  capacity from 2011-2016 (GWI, 

2010). Therefore, I chose to center my remaining investigation on the reuse industry.

 This thesis employs a series of  qualitative approaches in order to understand the current 

functioning of  the Southern California water reuse economy.  Unfortunately, a lack of  time and 

resources prevented a complete mapping of  the Southern California water reuse economy.  With 
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over 400 projects statewide, and another 162 projects under consideration—or construction—such a 

comprehensive undertaking would involve hundreds of  government agencies, thousands of  

contractors, and innumerable product suppliers (Water Reuse Foundation, 2012).  Many projects 

have fuzzy boundaries resulting in the difficulty in distinguishing clear differences between sectors.  

Instead, a series of  qualitative investigations loosely centered on notable projects such as Orange 

County Groundwater Replenishment System were undertaken.  

 First, a comprehensive literature review was conducted and will be used to understand the 

best practices and most current academic thinking on successful economic development of  

innovative industries from a regional policy perspective.  Next, an investigation of  global water 

technology centers was undertaken to gain additional contextual insights. Third, a detailed 

investigation of  the structure and relevant history of  the Southern California water economy was 

undertaken in order to understand the rise of  the water reuse industry. This analytical investigation 

was later complemented by insights gained through subsequent interviews.  My analysis was strongly 

informed by the innovation systems literature and I paid particular attention to understanding the 

components and functions of  the water industry; for example, through a qualitative analysis of  

locational employment patterns and the qualitative investigation of  its components.  Within the 

innovations literature, my thinking—and methodology—was strongly influenced by the Technological 

Innovation Systems approach (which is largely derived from the Sectoral Systems Approach).  

Although due to my regional focus—and for that matter intellectual disposition—I have a strong 

bias towards the regional innovation systems approach with its focus on cultural factors such as trust 

and cooperation (Storper, 1997; Cooke, 2001).

 Water industry journals, trade associations, and water policy journals were perused to 

understand the global state of  the water reuse industry. The presence of  Californian businesses, 

institutions, and nonprofits were noted. Internationally important water reuse firms were also 

identified and researched for Californian connections.  Finally a series of  interviews was undertaken 
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to gain user insight into the workings of  the California water economy and, specifically, in order to 

understand the water industry and the functions of  its innovation system. I paid particular attention 

to a case study of  the Orange County Groundwater replenishment system examining how it came to 

be and what will likely further drive the reuse industry.  

 The qualitative data was primarily obtained through 17 interviews done over the course of  

the Fall and Winter 2011-2012.  Most interviews were conducted in person, although four took place 

over the phone.  Interviews used a set of  loosely-structured questions and then the conversation 

flowed from there. These interviews provided the insights to understanding the current state of  

California’s water system looking for barriers to technological adoption and the growth of  the water 

industry. Many interviews were concerned with technological innovation and the water industry in 

general rather then specifically the water reuse industry.  I interviewed (five) water agency employees 

(including Orange County’s GRWS project manager and Metropolitan Water District’s lead on fostering local 

innovation), (three) active in water-focused nonprofits, (two) university researchers, (two) engineering 

project managers (one with extensive involvement in water reuse projects), (two) CEOs of  emerging 

water technology companies—although it should be noted that neither firm was focused on reuse 

technologies, (three) managers working at large water-oriented corporations (two in manufacturing, 

and one in distribution). Unfortunately I was limited in the number of  interviews I could undertake, 

and there are several firms and professionals whom I wish I could have included, most notably I am 

am missing a representative from global technology firms such as Siemens Water Technologies or 

Xylem.  Additionally I spoke with many other water professionals causally and I have included 

qualitative information gleaned from them.  I also attended two major water technology conferences 

during the course of  my research including the “WaterSmart Innovations” trade show in October, 

2011 in Las Vegas, and the Luskin Center of  Innovation’s January 26 conference, “New Sources of  

Local Water.” The Luskin conference was dominated by the discussion of  developing water reuse in 

Southern California (WaterSmart Innovations, 2011: Luskin, 2012).
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2. Thesis Structure 

 This thesis explores the growing water reuse sector in Southern California and seeks clues to 

its potential for regional economic development.  To my knowledge this is a topic that has not been 

studied and is therefore of  intrinsic merit.  I anchor my analysis with a critical assessment of  the 

Orange County Ground Water Replenishment System (GWRS), currently one of  the world’s most 

technologically-advanced, large-scale water reuse project (GWI, 2010). This thesis is structured in 

the following way:  

 The Introduction presents a brief  overview of  the research topic and places it in the context of  

Southern California’s regional economic history as well as the global water marketplace. It explains 

the hypothesis that is tested in the investigation: Will Southern California’s emerging water reuse 

industry, as evidenced by the GWRS project, foster significant regional economic development? An 

explanation of the methodology employed in this investigation is included. 

 Chapter two conducts a comprehensive literature review examining the close relationship 

between agglomeration economies, economic development, and innovation. Exploring this 

relationship was the central question that prompted my studies, and I begin my investigation by 

mining the relevant literature.  Through this literature review I derive the analytical framework with 

which I analyze the California water regional innovation system. 

  Chapter three continues my literature review through brief  case studies, both national and 

international, of  existing centers of  water technologies. Here I seek additional insight into economic 

development through water technology agglomeration economies. In particular I seek to identify 

policies and behaviors that have been effective in building an innovative regional water technology 

industry. 
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 Chapter four returns us to Southern California where I analyze the legal and organizational 

structure of  the Southern California water industry. I sketch a rough outline of  the water technology 

innovation system informed by examples drawn from my interviews and investigation. This section 

is not meant to be a comprehensive history, but rather a snapshot of  the diverse industry, its 

important players, and functions.  I focus special attention on important actors and institutions 

central to the water reuse industry.  I take a brief  step outside of  California for a short overview of  

the global water reuse industry to identify major technology players and relevant California 

connections. I then turn to a closer examination of  knowledge creation within the industry and the 

case study the GWRS project in particular, identifying the auspicious conditions that lead to its 

development.

 Finally, Chapter five summarizes and explains the results of  the investigation, detailing the 

findings regarding the developing regional industry agglomeration with a functional innovation 

system centered on water reuse technologies.  Through further analysis of  interviews, I identify 

multiple barriers to the potential growth of  the industry.  I continue with a brief  comparison to our 

international case studies and then conclude with some policy recommendations the region might 

consider in order to build its water industry and ensure a sounder water future. 
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II. Literature Review

1. Innovation

 It is a broadly accepted consensus that innovation, and knowledge in general, is fundamental 

to the competitiveness and long term growth prospects of  economies (e.g. Solow, 1956; Romer, 

1986; Lucas, 1988; Krugman, 1991: Storper, 1997; Scott, 1998, etc.). President Obama widely 

proclaims that the U.S. must take the lead in a “world is shifting to an innovation 

economy” (Obama, 2011, 9). The European Union’s  goal is to become the “most competitive and 

dynamic knowledge-based economy in the world” (Crescenzi et al, 2007, p.2). This phenomenon is 

not unique to the developed world:  Brazil recently announced plans to send 100,000 students to 

study abroad every year explicitly to accelerate the development of  an innovation economy (Sibaja, 

2011). Recent scholarship has found that technological innovation alone likely accounts for over 50 

percent of  recent economic growth in the OECD (Niosi 2008: 1). It is through innovation that we 

get new products, cost saving processes, and even whole new industries such as the computer 

industry (Edquist, 1997: 1).  Globalization offers the promise of  global markets, where regions that 

succeed at technological innovation, like California’s Silicon Valley, will grow rich exporting their 

goods throughout the world.  At the same time globalization will destabilize many regions as their 

industries lose market share in the face of  cheaper goods from abroad, or are replaced outright by 

innovations from abroad (e.g. Rodrik, 2011).  Political and business leaders have embraced the 

innovation mantra in hopes of  creating or maintaining a competitive edge in our era of  increasing 

competition and technological change.  This begs the question: what exactly is innovation? 

 Perhaps the best definition of  innovation comes from Swedish Economist, Charles Edquist, 

who states simply that innovation is a creation of  economic significance (Edquist 1997: 1).  

Innovation can occur in the form of  a product, a process of  production, or in an entirely new 
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organizational structure (ibid.).  Innovation is related to invention, which is the creation of  a new 

idea, technique, or technology (Castro, 2008: 2).  An invention only becomes an innovation if  it 

takes on economic significance. Either it is sold as a profitable product, or is a labor saving process 

that increases profitability. There are innumerable inventions that for various reasons—whether cost 

of  production, lack of  market, or sheer neglect—never evolved into innovations.  Similarly, 

countless new processes and organizational structures have been conceived of  but never successfully 

developed into innovations.

 Understanding how innovation occurs is further complicated by the fact that innovations 

are,necessarily, new to the world.  Hence understanding how innovation happens is a formidable 

challenge. Formulating policies that will ensure innovation is somewhat akin to being asked to 

predict the future. Policy makers are not alone in this regard.  Many scholars have noted that 

traditional neoclassical economic theory also says surprisingly little about the creation of  knowledge, 

including innovation (Scott & Storper, 2003:20; Johnson and Lundvall, 1992; Stiglitz, 1987; Nelson, 

1992) even though the most important development theories such as endogenous growth theory 

utilize knowledge accumulation to explain macroeconomic growth (Romer 1986). Endogenous 

growth theory, however, does not attempt to explain how or where this knowledge occurs; yet 

knowledge is considered to be an aspatial externality (Scott & Storper, 2003:20).  Hence scholars 

have had to look elsewhere to try and identify the mechanisms behind innovation, most notably 

toward economic history which has clearly demonstrated that propinquity often matters a great deal 

in knowledge formation (e.g. Krugman, 1991; Porter, 1990).  Although policy makers may never be 

able to understand the actual mechanics of  innovation they can work to create the conditions 

necessary for its growth. 
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2. The geography of  innovation

 Fagerberg classifies innovations by their relative impacts (Fagerberg et al 2006, ).Innovations 

can be simple or incremental improvements, radical—the introduction of  a new technology (e.g. the 

airplane), or full fledged technological revolutions—-a series of  inventions that together forge a new 

order like the computer or communications industry has done (Fagerberg et all, 2006: 8).  

Understanding innovation has always been central to the study of  economic development. For 

example, Adam Smith’s famous pin factory example that explained the massive productivity benefits 

resulting from the specialization of  labor, which is an innovative manufacturing process (Smith, 

1776).  Schumpter who famously wrote of  the inevitable “creative destruction” of  existing 

economic systems wrought by innovating entrepreneurs (Schumepter, 1939), was directly alluding to 

Marx’s exhortation of  capitalism as itself  an innovative economic process that destroyed all previous 

economic systems.  Schumepter’s works largely concentrated on radical or technological revolution 

as he believed they were the most important because they are the most disruptive (Fagerberg, 

2006:5).  Fagerberg, citing Lundvall (1992) points out that subsequent scholars have shown the 

accumulation of  incremental innovations can be just as disruptive and might possibly even have a 

larger overall effect (Fagerber, 2006:7).  

 Innovation is a form of  new knowledge.  New knowledge is most often the result of  

research and development (R&D) (Audrestsch and Feldman, 2003: 2716).  Following Schumepter’s 

lead, early theories of  innovation often looked to the firm to explain how R&D became 

economically significant, or innovative (ibid), making the logical connection linking to the profit 

motive, the principal driver of  private firms. For example, one endogenous model of  firm 

innovation hypothesized a correlation between R&D investment and innovative activity (ibid).  This 

model indicated that innovation would more likely come from large firms that were able to fund 

R&D efforts. However, empirical studies contradicted this theory finding that small firms often out-
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performed large ones in innovation (Ausdrestch and Feldman, 2003: 2717). There is a general 

agreement amongst scholars that knowledge exists outside of  the firm.  Ausdrestch and Feldman 

conclude that although firms are often critical to innovation, endogenous theories of  firm 

innovation are not sufficient to explain how innovation occurs in the economy (ibid).

 Ausdrestch and Feldman (2003; 2718) point out that Jacobs distinguished between 

information, basic facts and the more complex knowledge, or tacit knowledge, which is difficult to 

codify (Jacobs, 1969;  .  Knowledge exchange requires learning, and that requires interaction. 

Interaction primarily results from proximity or networks. Therefore innovation scholars have turned 

to understanding proximity either spatially through studies of  the region, or through networked 

associations.  Knowledge spillovers are in theory unbounded by regions, in that they can occur 

anywhere (Krugman 1991), but studies have overwhelmingly documented that regionally 

concentrated spillovers are occurring (e.g. Pavel and Pavit, 1991; Audretsch and Feldman, 1996; 

Kelly and Helper, 1999; Sonn and Storper 2003, etc.). Today it is widely understand that innovation 

is a consequence of  spatial interactions, even though it is difficult to identify the mechanisms of  

transmission (Krugman, 1993; Ausdrestch, 2003). ] The geography of  innovation can be captured 

through the study of  innovation as a system, rather then focusing on individual agents.  However, 

before we turn to a more detailed explanation of  innovation systems, we will examine the closely 

related agglomeration economies.

3. Agglomeration Economies 

  Although crucial to economic growth, innovation is not the only path to economic 

success in our era of  declining trade costs; other economic benefits that come from agglomeration 

economies are also germane to our investigation.  Agglomeration economies, the principle driver of  
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a city’s economic productivity, are the benefits derived from the clustering of  economic activities, 

people, or firms. Agglomeration economies, which result in the clustering of  people, activities, and 

firms creating a dense diversity, are the main economic justification for cities to exist (Jacobs, 1969).  

The Puga and Duranton (2003:1) identify three primary benefits that arise from agglomeration 

economies: sharing, matching, and learning mechanisms.  Density generates savings through 

economies of  scale and scope that result from sharing infrastructure, resources, markets, and labor. 

Similarly a diversity of  inputs, products, markets, and labor increases the chances of  successful 

matching between firms and labor, or consumer and products. Learning comes about primarily 

through knowledge spillovers—also known as Jacobian externalities after the aforementioned urban 

scholar Jane Jacobs—the diffusion of  knowledge, commonly called tacit knowledge, that results 

from interaction (Jacobs, 1969).  Density also enhances the chances of  adoption of  products—such 

as the telephone—that rely on network effects for success, i.e. they require a wide number of  users 

to function efficiently (Katz and Shapiro, 1985).  Diversity also ensures that a wide range of  

products will be created to satisfy varied local demand.

 Agglomeration also creates problems, or diseconomies, such as congestion and pollution.  

These diseconomies require solutions—or even new innovative products entirely (Jacobs, 1969).  

Larger agglomerations, with more people and resources, are more likely to create solutions and 

therefore have additional advantages over smaller agglomerations. Although it should be noted this 

does not always happen, and that smaller concentrations have other advantages.  Not all agglomeration 

diseconomies can be solved and therefore can act as a damper on the growth of  agglomeration. A 

dense diversity ensures efficient matching of  resources, firms, labor, and even technologies, while 

promoting learning and knowledge spillovers that enhance productivity and often lead to innovation 

(ibid). 

 Economic scholars often further sub-classify agglomeration economies into two, or even 

three types: urbanization, localization, and industrialization.  Urbanization economies are the production 
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savings of  agglomerating economic activity in a city. Loesch (1954) was the first to distinguish 

between urbanization and localization economies.  Industries in cities with large home markets will be 

more efficient then those in smaller cities due to the economies of  scale that result.  Localization and 

industrialization economies are often lumped together and are also commonly referred to as Marshall-

Arrow-Romer externalities, named after the economists whose theories explain the respective 

economies that give localization (Feldman, 1999: 14). These are the economies that result from an 

agglomeration around a certain important location or industry.  For example the global fashion 

industry agglomerates around New York, Paris, or Northern Italy, or the American automobile 

industry historically clustered around Detroit (Storper, 1997). All three agglomeration types primarily 

manifest in urban regions, but some industrial agglomerations—particularly polluting industries—

occur in regions of  low density.  Agglomerations of  closely related industrial activities—or in the 

terms of  Alfred Marshall, the first economist to label the phenomenon, industrial districts (Marshall, 

1890)—are not simply agglomerations of  similar businesses, but include interconnected companies 

such as specialized suppliers, or service providers, as well as associated institutions like universities or 

trade associations (Porter, 1997:1); therefore, these agglomerations, or clusters, are not entirely 

captured by industry sectoral code systems such as SIC, which generally only identify the dominant 

industry.  

 City-regions are the key nodes in our global trade network and the physical locations where 

agglomeration economies manifest, thus city-regions are the primary beneficiaries of  increased trade 

(e.g. Scott and Storper, 2003). High productivity city-regions with strong agglomeration economies 

have a comparative advantage in trade because goods and services more created more efficiently and  

at less cost. . Trade can be costly when transportation and transaction costs that are incurred 

bringing a good to a distant market reduce or nullify a region’s productivity cost advantage.  

Economic theory and history demonstrates that when trade costs decline—from either 

technological advances or freer trade regimes—regions begin to shift production patterns 
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accordingly, often concentrating internal production on goods that can be profitably exported while 

importing goods that are produced more efficiently or cheaply elsewhere (e.g. Rodrik, 2011). If  the 

global era of  lower trade costs continues,  economic theory predicts that highly productive 

specialized regions—those with strong localization or industrialization economies—will likely 

become global centers of  production.

 The business management scholar Michael Porter (1990; 2000) has developed a simple 

model of  successful industry clusters.  A successful cluster must begin with ready-access to the right 

kind and amount of  factor endowments (i.e. natural resources, human resources, capital, etc.) that 

are the critical inputs to the production process. Simply having an abundance of  a necessary 

endowment factors could lead to inefficient production. There must also exist a the right kind of  

demand for the product as well as multiple firms that compete to serve that demand and institutions 

that provide the necessary services, in order to foster industry growth. Firms adopt innovations and 

grow more productive through competition.  Local demand is critical to Porter’s conceptualization. 

As Mehrizi writes: “Domestic demand is more influential on the sector because signals are received 

faster by local firms and the rich interaction between local demand and businesses heightens the 

process of  interactive learning” (Mehrizi et al, 2008: 81). The more sophisticated and specialized the 

local demand the more likely the cluster will become a global center—with the caveat that the 

specialized local demand must be shared by external markets, or else the competitive advantage of  

the cluster in serving that demand is moot. 

 According to Porter’s theory the clustering of  production in certain regions can unleash a 

virtuous cycle of  growth as agglomeration economies and knowledge spillovers accelerate 

productivity gains.  Industry specific infrastructure might be built to deliver the necessary inputs at 

less cost, and deliver outputs to markets.  Local political lobbies arise to ensure local preferential 

treatment and promote industry trade interests. Specialized labor and interconnected companies, 

such as suppliers and specialized service providers, will begin to cluster at these centers, and 
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associated institutions such as universities or trade associations arise to further enhance productivity 

through knowledge sharing.  If  these clusters are in an emerging industry they can potentially evolve 

into major centers of  innovation.  For Porter, however, this requires a heterogeneity of  competing 

firms rather then a monopoly (Ausdresch and Feldman, 2004:2724).  More firms mean more 

competition for innovation, but a diversity of  firms will breed niche firms specializing or creating 

new products altogether.  A diversity of  heterogeneous suppliers further enhances this possibility.  

Conceptually, Porter’s model relies heavily on Jacobs’ earlier work The Economy of  Cities (1969) where 

these ideas were first formally articulated.

 

Figure 3. Porter’s Diamond Model (Adapted from Porter, 1990; 2000)
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  The basic elements of  a successful cluster—inputs, outputs, related firms, and 

supporting institutions—can be enhanced through effective government.  Through policy, 

infrastructural investments, and demand management, government can either nurture or choke off  

the growth of  a cluster (Porter, 1990).  All elements are crucial to a successful cluster however it is 

often easiest for governments to manage demand, raising taxes or creating preferential treatment 

policies is faster and easier to do than building an industry or a research institution.  In the case of  

Southern California’s Water industry, providing water to a populous semi-arid urban region 

establishes sophisticated demand. In meeting these demands, local water technology firms could 

prosper; however, the organizational structure of  the markets might inhibit this advantage. Porter 

has explicitly argued that environmental conditions—and the legislative controls to fix them—can 

serve as the impetus that initially spurs innovative industries (Porter and van der Linde, 1995).  

 It is important to recognize that traditional industrial economic clusters are not intrinsically 

centers of  innovation, static or mature industries that no longer innovate will also often agglomerate 

doe to the cost saving benefits agglomeration economies.  These industrial nodes will still give a 

region a competitive advantage, but they are often in lower value goods such as industrial products 

or mature manufactured goods where the opportunity cost of  potential economic gains from 

further innovation is outweighed by the benefits of  lower cost inputs—materials and labor.. Under 

freer trade regimes it tends to be these types of  cost saving agglomerations are the most easily 

outsourced to cheapest global locations (e.g. Storper, 1997; Rodrik 2011).  In rapidly growing 

technological industries that require constant innovation, economic geographers have documented 

significant benefits from competition and knowledge spillovers.  In fact clustering appears 

particularly critical to industries that are rapidly evolving (e.g. Audretsch and Feldman, 1996). 

Complex industries those that require industry R&D, university research and skilled labor as critical 

inputs (ibid).  There is a lively academic debate as to what the initial impetus behind innovative 

clusters formation (Feldman, 2003).  Theories such as Porter’s would point to factor endowments 
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for explanations. While others have narrowed this somewhat and looked to individual agents or 

networks for explanation.  For example Feldman and Francis (2002) have studied entrepreneurs in 

the Internet and biotechnology clusters in washington D.C. They argue that individual entrepreneurs 

are generally the key agents behind innovative agglomerations (Audrestch and Feldman, 2004; 2730). 

 Thriving centers of  innovation usually have industrial agglomerations as their base, but they 

also have strong regional institutional assets such as world-class research universities, multiple 

financing options, or established networks of  entrepreneurs (Audrestch and Feldman, 2004; Porter, 

2000).  Additionally, these regions have large numbers of  highly capitalized firms competing with 

one another to develop the ‘next big thing.‘ The presence of  human capital is particularly important. 

Ausdrestch and Feldman (2004) write that entrepreneurs tend to “originate in locations with strong 

knowledge assets” and note that these areas also correlate with the highest economic growth.  The 

combination of  human capital, research capacity, and inter-firm competition in close proximity 

strongly promotes innovation.  

 Scholarship has also found a strong correlation with regional R&D expenditures and 

innovation, with expenditures made by private companies having a larger role then universities 

(Audrestch and Feldman, 2004: 2720).  Regions with higher private R&D expenditures tend to have 

more innovation in larger firms, while regions with higher university expenditures tend to have more 

innovative small firms (ibid).  Zucker and Darby found a strong correlation of  start-ups with 

researchers, but in their case they found that the presence of  certain “star scientists,” are the most 

important element. Regardless of  the mechanisms it is clear that Jacobs’ insights into externalities 

and economic agent diversity seem to be valid.  The most popular example of  a thriving innovative 

cluster is modern Silicon Valley, which owes its origin to the presence of  a simple cluster of  small 

tech firms loosely centered on Stanford University and eventually growing into the global 

technology center that it is today (Sydell, 2012). Today the region continues to have a vast diversity 

of  entrepreneurial firms, both large and small.  A healthy ecosystem with both universities and large 

25



and small firms all investing in R&D seems to yield the strongest innovation systems. Knowledge 

spillovers have ample opportunities to occur in these systems.  

 In fact these regions are growing even more innovative. For example Sonn & Storper, (2007) 

found that United State’s regional production of  patents is growing even more concentrated in 

certain innovative regions.  Michael Storper has argued that regions with strong “relational assets,” 

or untraded interdependencies, are the regions where innovation is most likely to occur. Relational 

assets include local tacit knowledge, face-to-face interchange, social habits and norms, institutions 

(Storper, 1997). Storper and Venables (2004) have developed the idea of  “buzz” in order to try and 

understand what is going on in these regions.  It is clear that something is happening at the regional 

level and that spillovers are happening, however, the individual mechanisms are unclear.  Critics 

argue that nebulous terms such as ‘relational assets’ are “fuzzy”—in the words of  development 

scholar Ann Markensen (Markensen 1999; Deloreux et al, 2007).  All agree that further scholarship 

into the individual mechanisms of  knowledge transmission is needed  (Audrestch and Feldman, 

2004: 2735).  Innovation Systems scholarship attempts to circumvent these difficult to study 

interactions while seeking to understand the larger context in which innovation happens (Edquiest, 

2007). 

4. Innovation Systems: 

 

 Schumpeter was one of  the first innovation scholars to recognize that innovations often 

clustered around certain industries or time periods (Schumpter 1939; Fagerberg, 2003:6). He 

speculated that these clusters affected business cycles and could generate waves throughout the 

economy (ibid).  Seeking to understand how innovations create dynamic interactions between 

geographical and sectoral clusters and temporal economic waves led scholars to turn to systems 
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theories for explanation.  The fact that learning is key to innovation and learning occurs through 

dynamic relationships and networks only further serves to reinforce the need to seek out dynamic 

explanations to understand how innovation happens (Malerabra, 2004:10).  Systems engineers define 

a system as “a set of  interrelated components working toward a common objective.” They are made 

up of  components, relationships, and attributes (Carlesson et al, 2008: 2). Components are the 

operating parts of  a system, relationships are the linkages between them, and attributes are the 

properties of  each. In mechanical systems components might be the physical parts that make up a 

machine. In social systems components are generally actors such as firms, individuals, or 

organizations, but they can also be institutions such as patent laws. 

 To develop theories of  systems innovations scholars looked to evolutionary theory for 

insights into learning and combined these with institutional theories as a basis for systems theories 

of  innovation. Evolutionary theory –  with its focus on dynamics and the process of  transformation 

– provides an analytical framework to understand change. Systems approaches emphasize that 

learning is both an individual and a collective act. This means that learning will occur not only within 

firms, or individual institutions, but potentially anywhere in the system (Edqueist, 1997).  Thus an 

innovation system can be defined as all institutions and economic structures that affect technological 

change: competing firms, organizations, universities, research centers, government agencies, legal 

and financial institutions etc.  Furthermore each of  these will be characterized by “specific learning 

processes, competencies, beliefs, objectives, organizational structures and behaviors” (Malerba, 2004: 

14).  It almost goes without saying that the development of  an innovation system occurs over 

decades (Bergek et al. 2005).

 There are several different approaches to the study of  innovation systems but in general they 

are defined by either geography, notably National Innovation Systems (NIS), Regional Innovation 

Systems (RIS), or by technology, principally the Sectoral Innovation Systems (SIS).  Other scholars 

have refined their approaches through the use of  a narrower lens.  For example Carlsson and 
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Stankiewicz (1991) have pioneered a technological systems (TIS) approach, a dynamic approach 

which attempts to follow a technology rather then a sector, or geographical region. Others such as 

Håkansson (1990) have also focused on technologies but linked to their studies on industrial 

networks.   

 

Figure 4: Components and Functions of  Innovations Systems. Adapted from Bergek et al. (2005), Malerba (2005),  
Carlsson et al. (2002), Johnson (2001)

Malerba identifies the three main building blocks of  a sectoral system of  innovation as: Actors and 

networks, Knowledge and technologies, and Institutions (Malerba, 2004:17-18). Actors are the individuals and 

organizations—firms, government agencies, nonprofit organizations,etc.—that are the key agents of  

a sector (or depending on an systems focus a nation, region, or technology). Networks are the modes 

that facilitate the transfer of  knowledge such as industry associations or scientific communities. 

Institutions are the sets of  common habits, routines, practices, rules, or laws that regulate the relations 
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between individuals, networks, and organizations.  Sectors, organizations, and networks often 

develop their own internal rules of  interaction that are independent of  their national or regional 

system.  Knowledge and technologies are the specific knowledge bases or technological competencies that 

actors bring to the table.  It is thought that successful innovation comes about through a positive 

combination of  these five components. 

   The innovation systems approach is not without its critics, for example Hekkert has argued 

that merely mapping the structure of  an innovation system does not provide an adequate 

understanding of  the processes that drive or sustain innovation (Hekkert et al., 2007). Finding this 

approach static and insufficient for modeling technological change has led Hekkert and others to a 

technology specific Innovation System (TIS) approach.  Others have complained that the innovation 

systems approaches insufficiently explain interactions between actors within the system (Markunsen; 

Deloreux et al, 2007). 

 

5. Regional Innovation Systems

 

 Since at least the treaty of  Westphalia, sovereign entities that have the power to rule, tax and 

fund themselves, have been defined by geographical boundaries.  Sovereign governments set the 

rules of  the marketplace and define the rights of  the participating economic players and their legal 

institutions (Agnew, 2009). The national system is a logical place to start in order to understand 

innovation systems. National systems are also responsible for much of  the education development, 

research funding, and statistics. Accordingly there are several national innovation systems 

approaches that have been explored. 
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 These systems approaches share similar goals but have different boundaries and often 

employ differing methodologies.  Edquist and Johnson (1997), Lundvall (1992) and Nelson (1992) 

have all pursued the study of  national systems of  innovation (NIS), but have placed emphasis on 

different aspects of  the systems.  For example, Nelson’s fifteen-country analysis identified research 

and development investment as a critical component of  successful NIS (Nelson, 1992).  Nelson 

emphasizes that the economic incentives for innovation have to be present while sources of  research 

and development financing must also exist (either internally or through venture capital).  Porter’s 

studies on the competitiveness of  industrial agglomerations are also often placed in the NIS 

literature—although his focus tends to be more on economic performance rather then pure 

innovation (Johnson, 2001).  Porter and Nelson share a focus on market demand as the critical 

component to shaping innovation investment (Johnson, 2001:13; Porter, 1997).  In contrast, 

Edquest and Johnson have often focused their NIS analysis on a nation’s institutional makeup  

(Johnson, 2001). 

 In their comparative studies of  the European industrial regions, most notably a cross 

comparison of  Badden Wurttemburg Germany and Wales, Cooke and Morgan (1994) found that 

Porter’s diamond model of  interconnected heterogeneous firms failed to explain why one region 

succeeded while others failed (Cooke, 2001:951). Research into identifying the causal factors behind 

such studies later became the genesis for a more narrow regional systems approach (RIS).  The RIS 

approach places a much stronger focus on cultural factors that build trust and social network 

relationships (Cooke et al, 1997).  This approach closely aligns with the learning regions and 

relational assets scholarship (e.g. Storper 1997; Storper & Vernables, 2004). It also aligns with the 

general understanding that urban regions are the critical key nodes in today’s world (Scott, 1998). An 

RIS approach recognizes that regions are subservient to the National system which sets research 

priorities and legal institutions, but believes regions have some sway in those decisions (Cooke, 
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2001:952); the more decentralized a national system is, the more sway powerful regions will have.  

RIS tries to identify why some regions economies are developing more than others. 

 RIS approaches emphasize five principal concepts: region, innovation, network, learning, and 

interaction (Cooke, 2001:953).  A region in an RIS is not necessarily politically bounded but is defined 

by a shared trust and collective order (Cooke, 1998:1) Innovation looks for measurements of  

innovation, or the successful commercialization of  knowledge. Networks seek to identify 

cooperation-based networks and analyzes knowledge flows, including external knowledge flows.  

Learning seeks to identify if  tacit learning is occurring and if  organizations are incorporating that 

knowledge successfully. Interaction aims to measure if  there are opportunities for learning from each 

other and external groups. A region can be said to become a regional innovation system when it 

forms a dynamic cluster of  firms learning through interaction with one another to innovate. 

 Like Cooke and Morgan’s aforementioned study much of  the RIS scholarship has been 

dedicated to comparisons among ostensibly economically similar regions but seeks to explain 

differences leading to innovation or economic performance gaps (Johnson 2001).  Some of  the mos 

relevant to this study have looked at why Europe has traditionally lagged behind the United States in 

innovation. For example Crescenzi et. al, (2007) found institutional and cultural barriers that prevent 

interactions, and thus learning, and are preventing effective market integration.  But perhaps most 

notably Cooke (2001), a key pioneer in the RIS field who has authored numerous comprehensive 

studies of  Europe, identifies Europe’s over-reliance on the state for many of  the functions of  an 

innovation system which in the United States are often undertaken by private entities.  He believes 

that incentives for innovative success are better aligned with the profit motive. 

6. Functions of  Innovation Systems 
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 By studying the functions of  innovation systems it is hoped to gain an understanding of  

how similar results and technological innovation, can come about in vastly different institutional 

environments.  A function can be carried out by a particular set of  actors in one innovation system 

through a uniquely specific form, while the same function might be carried out in a different form 

by an entirely different actor in a similar system but in a different place or time (Carlsson, 2002).  

Management scholar Carlsson identifies three elements that all systems frameworks should address. 

First, it is necessary to specify the components of  the system and their boundaries. Second, the 

relationships between the components need to be analyzed. Finally, the characteristics of  the 

components need to be understood to determine the systems performance (ibid).  

 The basic components are Malerba’s five building blocks discussed above: actors and networks, 

knowledge and technologies, and institutions (Malerba, 2004: 17-18).  When it comes to understanding how 

to analyze these components several comprehensive attempts to identify measurable functions have 

been made (Bergek et al 2005 identify previous attempts). For example, in a paper titled simply 

“Functions in Innovation Systems,” Johnson (2001) conducted a thorough literature review to derive 

eight basic functions that all innovation systems share.  Danish scholar Anna Bergek and a team of  

scholars went so far as to develop a manual for analyzing the dynamics and functionality of  sectorial 

systems. They analyzed the existing literature and formulated seven common functions (Bergek et 

al., 2005).  These two approaches are nearly identical to Bergek’s et. al, combination of  the two 

functions, knowledge development and knowledge diffusion. According to Bergek et. al, the seven 

essential functions of  an innovation system are: knowledge development and diffusion, direction of  search, 

entrepreneurial experimentation, market formation, legitimation, resource mobilization, and the development of  

external economies.  

Development and diffusion of  knowledge. The foremost function of  an innovation system is simply the 

development and diffusion of  knowledge. Without this function one simply does not have an 
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innovation system. How well this function is performing determines the strength of  the innovation 

system. Measuring research and development investment, patent production, research citations, or 

simply the creation of  new technology can all be used to measure how well an innovation system is 

performing this function (Bergek et al, 2005:10).  Scholars have identified that, although private 

sources are often necessary for successful commercialization, free markets often fail to generate new 

knowledge; therefore, government funding sources are often crucial for basic knowledge creation 

(Salter and Martin 2001; Wolfe, 2012).  Private firms are often critical to knowledge creation of  

innovaiton systems, but tend to be more narrowly focused in their research to knowledge that is 

closely related to their product lines (Audrestch and Feldman, 2004). Public and private research 

systems that complement one other are thought to be best (ibid).  Any actors within an innovations 

system can be the source of  knowledge development, but it is generally the networks that are critical 

to its diffusion. 

 

The Direction of  the Search. There must be incentives for firms or organizations to join an innovation 

system, often taking the form of  a belief  in the growth potential of  the system.  (Bergek et al, 

2005:10). In Porter’s conceptualization this can be thought of  as demand and can be manipulated by 

governments or created by the environment (e.g. Porter and van der Linde, 1995). The direction of  

innovation will likely exist outside of  any one individual firm (Johnson, 2001:13). 

Entrepreneurial Experimentation is critical to a successful innovation system.  Entrepreneurial 

experimentation ensures that multiple products and entrepreneurial strategies will be tried allowing 

the best chance for winners. This is closely related to the importance of  multiple economic agents 

capable of  innovation throughout the system (Jacobs, 1969), or Porter’s requirement of  healthy 

competition among rival firms (Porter, 1990).  An innovation system often generates knowledge 
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with applications at multiple scales; having a heterogeneity of  agents makes it more likely that that 

knowledge can be put to innovative purposes (Bergek et al, 2005: 11; Audretsch, 2004).

Market Formation is often critical for innovation systems. Successful innovation systems need to build 

markets for their new products, a process with different phases ranging from nursing to mass market 

(Bergek et al, 2005: 12). In his survey of  innovation literature, Johnson makes the interesting point 

that creating new markets is often an innovation in and of  itself, and that most innovation scholars 

fail to incorporate it into their analysis (Johnson, 2001: 14)

Legitimation is often a prerequisite for new products, and certainly new industries (Bergek et al, 

2005:13).  I note that this is particularly important in my examination of  the water reuse industry. 

Not only is much of  the world ignorant of  the possible reuse industry, there is a strongly negative  

psychological reaction that many people have to the idea of  water derived from sewage treatment 

(Spiegel, 2011; Marks, 2003).

Resource Mobilization. In order to grow an innovation system research investments must be made,  

firms must grow, and labor must be hired.  A function innovation system requires effective resource 

mobilization. (Bergek et al, 2005, p. 14).  Almost all innovation systems approaches emphasize the 

importance of  funding (Johnson, 2001:13).  Additional inputs must be put into place as well; Porter 

emphasizes the need for competence (ibid).  Effective management is critical for resource 

mobilization. 

 Regional innovation scholars  such as Cooke et al (1997: 481) emphasize the importance of  

trust in the financial sector, particularly during the formation period of  a regional innovation system.  

They recommend considering Zyman’s three-part financial categorization of  financial systems, 

where a financial system can be (1) market oriented with well-developed capital markets, (2) a public 
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administered system based on credit, or (3) a more free system based on credit.  In principle, market 

based approaches are least likely to be regionalized, as they require less face-to-face interactions.  

Cooke et al argue that the main barrier to financial resource mobilization in innovation is one of  

trust (ibid).  

Development of  External Economies. Here we come nearly full circle to our discussion of  agglomeration 

economies.   Successful innovation systems develop the benefits that come from economies of  scale and 

scope, specialized service providers, and knowledge spillovers.  These economies are a critical source of  the 

innovation system’s competitive advantage.
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III. Case Studies of  Water Technology Innovation Systems And Economic 
Development Strategies

 Anticipating the global growth of  water technologies, many regions have embraced 

economic development strategies centered on bolstering and promoting their water technology 

industry.  This section continues the literature review by looking at real world examples of  successful 

water industry agglomerations.  From this I wish to gain further understanding of  the conditions, 

policies, and economic development strategies that have created successful water innovation 

agglomerations, as well as understand southern California’s position.  Through general internet 

research, reading water industry and economic development journals, and interview inquiries, I 

decided to further investigate the following seven regions. Four are international cases—Israel, 

Singapore, the Netherlands, and Australia—and three are domestic examples—Ohio, Wisconsin, 

and California’s own San Joaquin Valley.  

 Water is central to life and crucial to our global economy so it should not be surprising that 

many countries in the world have strong water industries.  Britain, Germany, France, Japan, South 

Korea, China, Brazil, and Spain, all can lay claim to having global leaders in water technology.  

Japanese technology conglomerates such as Mitsubushi, Toray, Kutuba, and Asahsi dominate many 

of  the most advanced water treatment processes and therefore would merit further study1. Among 

wastewater treatment suppliers, Madrid, Spain, also has a striking concentration of  firms , and like 

Israel, Singapore, and Australia, Spain also recently embarked on major water market reforms 

(Baker, 2002).  French and British Multinationals such as Veolia and United Water dominate the 

global privatized municipal urban water delivery services market (Nadolny, 2008), a curiosity that 

would also invite further inquiry2. 
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 The reasoning behind my choices was fairly straightforward.  Two locations, Israel and 

Singapore, consistently top the water industry literature as having the most technologically 

developed industries, a fact which was further verified through several of  my industry interviews.  

The Netherlands is home to the world’s largest and most important water services engineering firms, 

as well as hundreds of  technology companies and several globally prominent research centers (Reina 

and Tulacz; NWP 2008). In comparison, Australia has a much smaller impact on the water 

technology industry.  It is also more than a region being a large country, the only one to encompass 

an entire continent, although 85% of  the population lives in the temperate south eastern coastal 

region.  I chose to include it for three principle reasons. First, Australia shares many similarities with 

Southern California. Both are largely arid climates.  Both share Anglo Saxon legal and business 

traditions, as well as strong industrial histories based on natural resource extraction, and both are 

now heavily urbanized. Like southern California, Australia has recently witnessed major growth in 

water technological innovation—through industrial investment in water reuse technologies 

(Fishman, 2011), infrastructural investment in desalination and reuse plants (AWA, 2011) and huge 

growth in domestic water technology patent production (Lloyd and Turonek, 2011).    In 1994, 

Australia began a series of  major reforms to its water industry, removing water subsidies and 

separating regulating utilities from service delivery firms. Since that time, the country has witnessed 

an increase in water productivity of  more than 50 percent. In contrast to southern California, 

however, Australia has also embraced an economic growth strategy centered on the exportation of  

goods and services.   

 Finally, I also felt it important to explore domestic centers of  water technology.  Milwaukee, 

Wisconsin has embarked on a strategy to become a global center of  water technologies led primarily 

by the private sector.  In 2008, the US Federal government targeted the Tri-State region around 

Cincinnati for the development of  a water innovation system focused on water cleanliness. During 

the course of  my research, I discovered that California’s own San Joaquin Valley has actively pursued 
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a water technology investment cluster strategy targeting water flow technologies and I would be 

remiss if  I did not include a discussion of  the efforts to build this water technology  innovation 

system into an economic growth engine.  I found that many of  the irrigation firms active in San 

Joaquin Valley are also active in Southern California.  It is important to point out that the following 

summaries are only a cursory exploration of  the water technology innovation systems active in each 

of  the case studies.  They are not meant to be comprehensive, but simple summaries of  the key 

components and economic strategies of  the respective water innovation systems.  

 I should concede upfront that some international and domestic regions that I have excluded 

may actually be more central to the industry in the long run. In particular, China is massively  

investing in its domestic water industry, both through new major water transfer infrastructural 

projects bringing water from the south to the rapidly drying north, and in technological research and 

development. China has also embarked on a national industrial ecology synergy strategy, known as 

the circular economy, in order to wring maximum efficiency out of  the productivity chain 

(ZhengWei, 2008).  One result has been an increased investment in water reuse technologies (e.g. 

Qu, 2010). In all likelihood, China will become a global water innovation center, if  not the major 

global center of  water reuse technology and infrastructure investment.  Other regions, such as 

Denmark, home of  the world’s largest pump manufacturer Grundfos (GWI Desalination, 2012), 

have also targeted the water sector as a vehicle towards export led economic growth. For the 

purposes of  this paper, an entire global mapping of  the water industry was not undertaken, instead 

good representative examples that shed light on the water innovations system were chosen.  In the 

case of  Denmark, its northern European cousin, the Netherlands, is following a similar clustering 

strategy, yet has a more advanced existing domestic industry and serves as a decent enough proxy.  

Singapore, with its close cultural and business ties to China and strong Confucian inspired 

governance such as the legacy of  Lee Kuan Yew, stands somewhat representative of  the progressive 

industrial strategy that China employs, or at least might idealize.  With its market size, China has less 
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need to incentivize private industry partnerships than tiny Singapore, which markets its gateway 

status as market nexus rather than inevitability of  its market size. China also has huge internal 

resources as well as a strong tradition of  command government. Given China’s recent experience 

with economic development, one can logically speculate that China will continue its tradition of  a 

strong industrial strategy with private/public partnerships and knowledge sharing agreements that 

promote local firms and build a functioning “circular economy” in the mold of  Singapore’s reused 

water infrastructure.  This is, however, mere speculation and I look forward to future scholarship 

that may shed light on China’s strategy. 

1. Israel

 In 2006, the  Israeli Infrastructures Minister, Binyamin Ben Eliezer, described Israel as the 

“Silicon Valley of  Water Technology” (Cleantech, 2010). The Minister is not alone in his boost; a 

quick google search will turn up hundreds of  similar references.  The small arid country has a proud 

history of  water innovation, and quite likely has the highest density of  water technology firms in the 

world.  The country’s pioneering development of  drip irrigation in the 1960‘s gave the country a 

legitimate “disruptive” technology (Fragerberg, 2006:7) that revolutionized arid climate irrigation 

worldwide. Today the country has the highest rate of  agricultural water efficiency in the world, with 

70-80% of  water being used productively (Cleantech, 2010).  Over 75% of  Israel’s sewage water is 

recycled and the country claims the largest reverse osmosis desalination plant in the world, as well as 

the 4th largest filtration plant (Israel MITL, 2009). The country has several premier water research 

institutions such as the nearly eighty year old Water Research Center at the famous Technion 

University, and the Zuckerberg Institute at Ben Gurion University.  Israel has established global 

water industry behemoths such as Netafim, the first firm to globally market drip irrigation water 

technology and today controls nearly half  the global market (ibid).  Israel firms are internationally 
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renowned in irrigation, water treatment, and flow control technologies.  The country currently 

boasts over 70 emerging water technology start up firms (ibid).  The water sector generates over 

$1.1B in xports, but is targeted to generate more growth in the future (ibid).  The Israeli government 

also has a strong history of  strategic economic development, targeting research and development 

and setting out business incubation.  Since 1994, Israel also has had an active economic clustering 

program known as MAGNET—the Hebrew acronym for Generic Pre-Competitive Technologies 

and R&D (Israel MITL, 2012). Today the country has 41 active economic clusters, including a water 

technology cluster centered in Ashekelon (Water Technology Net, 2012). 

 The occasion of  Minister Ben Eliezer’s speech was the unveiling of  a new national 

government initiative, Novel Efficient Water Technologies program, or simply “NEWTech”

(CleanTech, 2010).  NEWtech is designed to increase coordination between government agencies, 

academic institutions and private firms in order to increase water technology innovation and 

exportation.  The program calls for the water technology industry to become a main growth engine 

of  the Israeli economy (Israel MITL, 2009).  This is laid out explicitly in the government mandate 

“New Governmental Decision Number 157: Development of  Water Technology in Israel” which 

calls on the country to recognize “the latent potential that water technology could have on the Israeli 

economy; and on the importance and centrality that government and private companies have in this 

market, in Israel and in the exporting industry.” The declaration continues by calling for the 

government to “examine the methods and the means that different governmental offices can use to 

support the development of  water technology, from the R&D stage to the manufacturing and 

exporting stages impacting irrigation practices around the world” (ibid,). 

 Israeli water economy boosters like to point to the biblical story of  Moses drawing water 

from the rock to show the historical importance of  water to Israel (e.g ibid,), and it certainly has 

been important to the modern state. The early Zionists that left central Europe for the arid British 

protectorate came to build a community of  Jewish agriculture communes, Kibbutzim (e.g 
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Nirenberg, 2009). In Palestine, traditionally water was considered a right for all residents (ibid); 

however, in contrast to central Europe, the region did not have abundant water supplies. 

Furthermore, native residents were often fearful of  the new Zionists and hostilities occasionally 

broke out. During the post World War II British decolonization period, this enmity escalated into a 

full-scale regional war when the State of  Israel was declared in 1948.  The young state prevailed and 

then expanded again after another regional war in 1967.  Today, the ongoing Israeli/Palestinian 

dispute continues to define the Middle East, leaving Jewish Israel largely isolated among its Muslim 

neighbors. Unable to cooperate with neighbors to secure additional water supplies, Israel has had to 

rely entirely on its own territory for sufficient water for agriculture, a fact that likely contributes to 

Israel’s ongoing military occupation of  the internationally recognized Syrian territory of  the Golan 

Heights—the source of  the country’s largest river, the Jordan—and continuing occupation of  the 

Palestinian territories, where large groundwater aquifers exist (Kislev, 2011:2).  Additionally, Israel is 

blockaded from importing oil from Muslim producers, which has put a significant damper on the 

country’s energy capabilities and likely unleashed a frantic search for alternatives.  

 In 1937, over a decade before the country itself  was formed, the settlers formed the 

predecessor to today’s state water company, Mekorot Water Company, in order to manage water 

supplies.  Today Mekorot provides Israel with 90% of  its drinking water and 80% of  total water 

(Nirenberg, 2009, Kislev, 2011).  In the 1950’s the country passed a series of  water management laws 

requiring: metering (1955), drainage and flood control (1957), permits for it’s use (1959)—all of  

which consolidated the public’s ownership of  water and the government’s role in management (ibid). 

In the 1970’s, Israel embraced water demand management as a technique to further promote 

efficient use of  water, and to promote the use of  water and energy saving technologies.  Appropriate 

pricing regimes were implemented to discourage waste.  Having central government control over 

water and water infrastructure made this an easy policy to implement.  At the same time, the 

country’s water research institutions continued technological invention, improving drip irrigation, 
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advancing techniques such as reverse osmosis, and improving filtration methods critical to 

desalination and water reuse (ibid).  

 In 1997 Israel built the world’s first Reverse Osmosis (RO) plant that was designed to treat 

both seawater and discharged brine, which it received from an adjacent desalination facility at Elilat 

(Nirenberg, 2009).  In 2001 Israel sought international help in order to scale up and build the world’s 

largest RO desalination plant. The country contracted with VID, a special purpose joint-venture 

company made up of  two Israeli firms, IDE Technologies (50% and lead partner) and Dankner-

Ellern Infrastructure, and French water services multinational Veolia (50% after buying out Danker-

Ellern), previously Vivendi, to design, build, and operate the Ashkelon desalination plant (Water 

Technology Net, 2012).  IDE Technologies is itself  a partnership of  Israel Chemicals and the Delek 

Group.  After 25 years the plant will be transferred to Israel.  In addition to the required facilities for 

seawater pumping, brine removal, water treatment, and membrane desalination units, the complex 

project required laboratory buildings for ongoing testing purposes. Today, Ashkelon generates nearly 

6% of  Israel’s water supply, most importantly its utilization of  advanced RO technologies and 

economies of  scale have given it the cheapest water in the world.  It is one of  several plants that 

have been planned for the coast (Nirenberg, 2009). 

 The international partnership with Veolia further embeds Israeli firms into the advanced 

water technology scientific and business networks, enhancing knowledge creation and diffusion and 

increasing market opportunities.  In addition to Veolia, Israel has business relationships with global 

water technology firms Siemens, GE, ABB, Dow Chemicals, and Jain Irrigation Systems. Israel also 

has formed strategic partnerships with public water entities throughout the world with governments 

and municipalities in China, Singapore, Beijing, Madrid, Melbourne, Sao Paulo, Buenos Aires, and 

several others (Israel MITL, 2009).  They are also in close contact with California entities such as the 

LADWP and the OCWD (Interviews, 2012). 
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 Outside of  exceptional infrastructural projects like the Ashkelon plant, the state water firm 

Mekorot owns the majority of  the water infrastructure, over 3,000 water works that encompass all 

phases of  the water process, most notably wastewater management (Nierenberg, 2009).  Throughout 

much of  its history, Mekorot partnered with The Tahal Group, an engineering services firm, to build 

the water infrastructure. Today The Tahal Group is an international firm headquartered in the 

Netherlands. Prior to the mid 1990‘s when it was privatized, Tahal was an Israeli military contracting 

and engineering firm specializing in infrastructure (Nierenberg, 2009).  This type of  partnership 

between the state, military, and private firms is common in Israel (ibid; Senor and Singer, 2010). It 

continues today with Mekorot often partnering with local firms to build infrastructure and test 

technologies. Many of  these firms have either been spun off  from the military or are closely 

involved with military projects. 

 The close collaboration between the state, the military, and technology firms, has long been a 

central feature of  the Israeli technology economy.  Dan Senor and Saul Singer recently wrote the 

best seller book Start-up Nation that attempts to explain how Israel has thrived in the high technology 

economy (Senor and Singer, 2010).  They argue that the entrepreneurial culture of  market savvy 

independent thinkers bound by close connections wrought through shared military service, and 

honed by the military’s appetite for advanced research technology, has created the conditions for the 

explosion in high technology companies.  Israel has over 70 companies listed on the US NASDEQ 

market—the most of  any non US country (Israel MITL, 2009, 2012). Additionally Israeli scientists 

have been at the forefront of  a long list of  technological innovations, such as CT scanners, advanced 

Intel microprocessors, AOL’s instant messenger, zip compression technology, the aforementioned 

drip irrigation, and many more (Israel MITL, 2009).  Israel also greatly benefits from the vast 

knowledge and international connections of  the global Jewish network, most notably in the United 

States where Jews are well represented in science, business, academics, law, media, technology, and 

professional fields.  Israel is central to Jewish identity and many American Jews make great efforts to 
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ensure its safety and economic vitality through tying the country tightly into our global economic 

system. 

 The close connection between the military and entrepreneurs has also been deliberately 

fostered through an economic development strategy of  national technical business incubators as 

well as the creation of  a venture capital industry.  The government effectively jumpstarted the 

venture capital industry in the early 1990’s with the creation of  Yozma program to invest in high 

tech ventures (Moskvitch, 2011). The country also targeted “clean technologies”, such as water 

technologies and the renewable energy industry.  This is partially due to its limited resources, but 

also due to the oil embargo implemented by oil rich Muslim nations.  Finding alternative energy 

sources—and energy saving technologies—is a matter of  state security.  For example, Kinrot 

Ventures was founded in 1993 as part of  the Israeli Incubator Program as the world’s first clean tech 

water technology incubator (Israel MITL, 2009). Today Kinrot Ventures is one of  the most 

important water venture capital firms in the world. Kinrot targets emerging companies with 

potentially disruptive water technologies, with a specific focus on advances in purifying, filtering, 

desalination, transporting, and storing water.  In 2011, Kinrot Ventures was the most active water 

venture capitalist purchasing four individual companies Ecochemtech, Hydrosping, Kolmir Water 

Technologies, TA Count (Javier, 2011).  Kinrot’s advisory board is made of  leading academicians 

and industry leaders.  In addition to a close relationship with Mekorot, Kinrot has strategic 

partnerships with water entities all over the world, including the LADWP (Interviews, 2011).  Kinrot 

claims to be the leading seed investor in water and clean-tech related technologies worldwide. 

AguAgro Fund LP, another Israel Venture Fund, acquired Kinrot Ventures in 2007 (Israel MITL, 

2009). Today Israel has two water business incubators located at Ashkelon and Sde Boker.  The 

government also provides grants and scholarships for research in water with potential commercial 

applicability (ibid).
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 Perhaps most critical for future industry growth, Israel has at least 10 venture capital funds 

that together hold over $250 million targeted for investment in water technology firms (ibid,). VC 

funds include Israel Cleantech Ventures , Terra Venture Partners, Tene Capital, and the 

aforementioned AquAgro Fund which holds over $100 million itself.  These firms invest in start ups 

with technologies from throughout the water process.  Examples include Emefcy Limited, with a 

‘microbial fuel cell’ industrial wastewater treatment system that generates electricity and hydrogen 

(CleanTech, 2010), Blue Water Technologies which is developing an electro-optic technology for 

water quality analysis, Aqua Digital, with a remote water metering technology, and SmarTap which 

develops water efficiency technologies for the home (ibid).

2. The Netherlands

  European Union water and wastewater utilities serve over 390 million people across 17 

countries with sales over $65 Billion per year (Branco, 2011).  European multinationals such as Suez 

Environment (France), Gundfros (Denmark), Veoila (France) are among the most important water 

technology firms in the worlds  Although there are many centers of  water technology in Europe, 

several countries have targeted the water technology industry for economic growth like Denmark 

(Denmark Water Forum, 2012) or Germany (Blanco, 2011).  I have chosen to focus on the 

Netherlands as the best example of  a thriving European water industry innovation system. Despite 

its small size, 17 million people occupying a mere 16,600 square miles, the Netherlands has an 

incredibly strong water technology industry with nearly 1,450 companies with annual sales of  $12 

billion, or 2% of  GDP, in 2007 (Ritfield, 2007). The Netherlands has several important water 

research centers. from world famous agricultural centers like Wageningen University, to institutes like 

Delft University of  Technology.  The country has a very healthy heterogeneity of  firms working in 

the water industry from high technology startups such as Berghof  Membrane, Dutch Rainmaker, 
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Aqua Explorer, Capilix to major corporations such as global food industry conglomerates Nestle 

and Unilever, oil giant Shell, and electronics manufacturer Phillips (NWP, 2008).  Additionally, the 

Netherlands has private foundations such as STOWA (The Dutch Foundation for Applied Water 

Research) and Stichting Well, which are dedicated to fostering innovation in the water industry. 

Notably, the Netherlands is also home to the world’s two largest water and wastewater engineering 

service design firms, Arcadis and Grontimji and the global headquarters to the aforementioned 

Israeli infrastructure contracting firm The Tahal Group (Reina and Tulacz, 2011).

 The fact that the Netherlands has become a global water hub is perhaps not surprising 

considering its position at the delta of  four major rivers, most importantly the Rhine, a major 

drainage and navigation waterway of  Western Europe.  Nearly one quarter of  the country is below 

sea level requiring a massive series of  dikes and waterworks to effectively manage its water resources.  

Furthermore, the country is a global agricultural powerhouse. In addition to strong production of  

food commodities such as cereals, the Netherlands is the largest flower exporter on the planet, 

selling over 52% of  all flora products in 2006. This is somewhat surprising given the relatively poor 

climate. Porter, in an investigation of  the tulip industry, showed that this disadvantage actually 

served as a spur for the technological innovation (Porter, 1990:85).  The country’s position on the 

delta gives it incredibly fertile soils, whose productivity is further amplified by heavy use of  

fertilizers. Today country is the world leader in many water technologies, such as greenhouses and 

hydroponic agriculture. The Netherlands's heavy use of  fertilizers and pesticides led to high levels of 

contamination which further encouraged the development of  the water treatment expertise. The 

country’s unique low-lying geography has fostered a strong history of  water management 

cooperation, and corresponding water engineering prowess.  Unlike America, where sewage and 

sanitation are often administered separately from water delivery or waterway navigation, in the 

Netherlands all three have been closely linked.  Today, local regional water boards work closely with 

the national and municipal bodies to manage water (Netherlands MTPWWM, 2012). Additionally, 

46



there is a large and vibrant ecosystem of  private contractors and consultants with water management 

specialties.  

 Nationally, water management regulation is being gradually consolidated under the Ministry 

of  Infrastructure and the Environment, a new ministry that has been formed through a merger of  

Ministry of  Transport, Public Works and Water Management with the Ministry of  Housing, Spatial 

Planning and the Environment in 2010 (ibid).  The link between agriculture and economic 

development continues to be very important to the Netherlands. In 2010 when the government 

revised its national governance structure, it also combined the Ministry of  Economic Affairs with 

the Ministry of  Agriculture, Nature and Food Quality to form the new Ministry of  Economic 

Affairs, Agriculture and Innovation, a title which further highlights the importance the country has 

recently placed on innovation as a key to economic development.  Under the act, water regulation 

was also drastically simplified.  Today the Dutch government issues a single permit for any water 

activity that impacts the environment. Previously, several permits were needed for every individual 

activity, including clean drainage or groundwater extraction—or infiltration—the drainage of  

polluting substances, etc. (ibid). 

 In 2007 the national government, working in collaboration with the European Union’s 

Regional Development Fund, designated the City of  Leeuwarden in Friesland Province as an official 

European water technology hub (Di Palma & Huizinga, 2009). The national government established 

Wetsus, Center of  Excellence for Sustainable Water Technology.  In addition to working with the 

various scales of  government, Westus has partnered with over 80 companies and 25 universities and 

research institutions throughout the world to pool resources and work on water technology 

solutions (Westus, 2012).  Additionally, private investment such as Dutch Angel investor, Westt, is 

involved in building the water cluster.  It should be noted that the region is on the northern 

periphery of  the Netherlands and many water related firms are still located in the Randstad, the area 

between The Hague, Rotterdam and Utrecht (Di Palma & Huizinga, 2009). However, the initiative is 
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effectively forming partnerships and spurring new knowledge creation. By 2011 Westus had already 

generated over 33 new patents in water technology, and brought more than 250 PhDs together to 

produce over 90 scientific papers (Westus, 2012). Additionally, multiple new technologies have been 

licensed and 10 new firms have been spun off  including Desah (sanitation systems), Redstock (Blue 

Energy), Metal Membranes (Filtration), and AF&F (algae energy) (ibid).  

 For a number of  reasons, Europe has traditionally lagged behind the United States in 

innovation.  Scholars have found that institutional and cultural barriers have led to imperfect market 

integration and hence, lower innovation rates (Crescenzi et al, 2007).  The United States also has 

higher rates of  venture capital than Europe. The Netherlands has some VC firms, but far less than 

Israel, where per capita VC spending is more than 10 times the EU average (Meissner, 2007).  The 

Netherlands also has an advantage in that the country has traditionally been very internationally 

oriented. It its drive to develop its water technology industry, it has continued to build on this 

tradition. In 2006 the water industry formed the independent organization, Netherlands Water 

Partnership (NWP), to promote the Dutch water expertise worldwide. The organization has more 

than 160 Dutch members. NWP details numerous innovative Dutch firms and technologies (NWP, 

2007) and highlights successful international partnerships with Singapore, Israel, China, India, and 

Egypt. The NWP sponsors trade delegations, hosts events, and maintains a website and directory of 

the dutch service firms (ibid). 

3. Singapore

 Every August, the Singapore Water Association (SWA) sponsors the Singapore International 

Water Week—the largest water conference in the world.  Last year, over 14,000 people from over 

112 countries attended the conference and over $2.8 billion in projects were awarded or announced 

48



(SWA, 2012). Seemingly out of  nowhere—SWA was only formed in 2004—the small tropical island 

city-state of  4 million people, now sets the gold standard for urban water management and is rapidly 

becoming the leading international center of  urban water research and technology.  From 2005 to 

2015, the government projects that the industry’s employment will nearly double from 6,100 in 2005 

to 11,000 by 2015 (GWI, 2010).  Revenue is expected to nearly triple from SGD 619 million in 2005 

to SGD 1.7 billion. The city-state has proudly embraced NEW water and built six new water 

recycling complexes, catapulting home grown firms like Hyflux into global leaders (Singapore EWI, 

2012).  Singapore, heavily targeting water research, has built two new research centers, Nanyang 

Environment & Water Research Institute (NEWRI), with five specialized research sub centers, and 

NUS Environmental Research Institute. NEWRI aims to be the “most comprehensive and 

integrated environment and water research institute in the world” (Singapore EDB, 2012).  

Meanwhile, international water technology global behemoths such as Siemens Water Technologies 

and GE Water and Processing Technologies, as well as global engineering services firms like Black & 

Vetch and CDM, have all located their global water research and development centers in Singapore 

(Singapore EWI, 2012).  Singapore actively leverages its gateway position on the Pacific Rim and 

shared cultural connection with China to become the global water technology center. 

 Singapore has very unique circumstances that precipitated the country’s interest in water 

technology.  Singapore gets plenty of  rainfall—over 90 inches annually—but its compact size (680 

square kilometers) means that there is a very limited amount of  land where rainfall can be stored. In 

fact, domestic sources only cover half  of  Singapore’s domestic needs (World Bank, 2005) and it 

makes up the difference through imports from the neighboring Johor state of  Malaysia.  Singapore 

is entitled to water under long-term agreements signed in 1961 and 1962 when Singapore was still a 

self-governing British colony.  The country of  Singapore was formed in 1965 when the 

predominately ethnic Chinese city state broke away from neighboring Malaysia.  During the 

country’s early years, water rations were briefly imposed (ibid).  Relations between the two countries 
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have been friendly but not without the occasional minor tension such as a race riot.  The current 

water contracts run out in 2061, and Malaysia has been negotiating to raise prices for several 

decades.  These unique circumstances have set the stage for Singapore to embrace a comprehensive 

strategy in order to secure a sustainable water supply, including institutional reform, integrated land 

use planning, strict legislation, public education, and advanced technology.  

 The country’s official policy is known as the Four National Taps Strategy (World Bank, 

2009).  The first tap is collecting water from the country’s catchment area, which, in addition to the 

existing reservoirs, has led to an extensive network of  storm water collection infrastructure. The 

second tap is water purchased from Johor, which is piped in to the country. The third tap is the 

NEW water program, potable water derived from effluent. The fourth tap is desalination.  Singapore 

has invested billions in increasing the first, third, and fourth taps. Developing clean water from 

sewage is much cheaper than desalination and can be cleaned to suit individual uses. For example, 

water used for industrial purposes often does not need to be as clean as drinking water, and 

therefore can use less costly grey water. Singapore’s two industrial water recycling plants provide 

discounted reused water directly to neighboring industrial districts.  By 2006, the country had 

achieved 12% of  its water supply from reused water (ibid).  Singapore also uses sophisticated 

demand management tools in order to promote water conservation.  Every end user in the country 

has a water meter with tiered pricing (ibid) and water tariffs, notably a conservation tax, are designed 

to encourage the use of  NEW or grey water and to promote a conservation mentality. Legislation 

mandates that water fees cover the costs of  all water delivery and most collection—the exception 

being some sanitation services and storm water management facilities (GWI, 2010). NEW water is 

sold at a lower price than new water. 

 In the early 1990s, Singapore reformed its water governance structure bringing all water 

related government agencies under a new governmental agency, the Ministry of  the Environment 

and Water Resources (MOEWR).  MOEWR oversees the Public Utilities Board (PUB) and the 
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National Environmental Agency (NEA).  During this time, PUB was restructured and expanded its 

duties from simply providing drinking water to also treating all municipal wastewater and managing 

water infrastructure. PUB manages Singapore’s 15 reservoirs, six water reclamation plants and nine 

water treatment plants (three water treatment plants in the neighboring Malaysia (Singapore EWI, 

2012).  The PUB administers the federally funded Active Beautiful Clean Waters (ABC Waters) 

program, a planning project intended to beautify the island’s drains, canals and reservoirs.  

Meanwhile, the separate NEA serves as the regulatory enforcement arm of  the MOEWR. 

 Commensurate with its investment in water, Singapore has also embarked on an aggressive 

economic development strategy of  building an internationally renowned water technology industry. 

Singapore set up the Environment and Water Industry Program Office (EWI) in 2006 and the 

government committed S$330 million to fund research and workforce development in the water 

industry. In 2011, the government added another S$140 million, bringing the total amount 

committed to S$470 million, or US$400 million. The bulk of  this money supports research at the 

two major water research centers, but individual grants such as the innovative technology challenge 

are also available.  EWI also provides PhD Scholarships for both national and international students 

to study water technologies. These scholarships are redeemable at not only both national institutions, 

but also international centers, although only native Singaporean are eligible for international 

scholarships.  

 Complementing the government’s efforts, is the regional trade association, the Singapore 

Water Association (SWA).  SWA aggressively markets Singapore as a one-stop center for all water-

related services and as a water technology hub. The SWA is a government and business partnership 

with over 220 local members (SWA, 2012).  Many members are local representatives of  international 

water services and technology firms such as MWH Global, Suez, Mitsubishi, CDMH, etc.  

Singapore budgets S$50 million a year in government subsidies to entice water innovation 

companies to locate and maintain operations there. The small country also has over 70 local firms 
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(Singapore EWI, 2012). The SWA is active at every scale all the way from the huge annual 

international conference to small local workforce development workshops.  The association holds 

multiple monthly meetings, produces a monthly newsletter, conducts biweekly workforce 

development events, provides industry certifications, and even hosts a monthly casual "Singapore 

Water Industry Nite” (SWA, 2012).

 Singapore desires to be more than simply a gateway to neighboring international markets. 

Singapore’s strategy has been to develop local expertise through its infrastructure investment and 

research. Towards this aim, it has established numerous partnerships, notably through joint venture 

agreements used for the construction of  the NEW water plants.  Singapore has recently signed a 

partnership agreement with Siemens Water Technologies, to build a new water treatment plant that 

uses half  the energy of  existing technologies (Siemens, 2012).  It should be noted that Siemens 

Water Technologies global research and development center is now in Singapore. Singapore’s PUB  

has also recently inked a new partnership with the famous Dutch water consulting agency, Delft 

Hydraulics, to develop a regional center of  excellence for water knowledge (EWI, 2012). Singapore 

has agreements with the Dutch Kiwa water research center, and the important American trade 

industry group, American Water Works Association. as well as several others (ibid).  Singapore 

actively seeks out new agreements in efforts to build its water technologies cluster. 

4. Australia

 Vying with Singapore and Israel for the world’s best branded water industry cluster is  

Australia. Since 2002, the already world’s driest continent, has been in the grips of  a severe drought, 

which some have even called a thousand year drought. A few Australian economists have even 

estimated that the drought has shaved a percentage point of  GDP growth annually (Kanawati, 

2008). Water governance reforms begun in 1994 have created a more commercial industry and led to 
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major improvements in water productivity and efficiency and growth in the domestic industry 

(AWA, 2009).  The government’s National Water Initiative program is a partnership among local, 

state, and federal government that continues the reforms intended to develop a more efficient 

industry.  In 2008, the government created a $13 billion ‘Water for the Future’ investment program 

to provide funding for water purchases, irrigation modernization, desalination, recycling, and storm-

water capture.  Knowledge creation is a central goal of  the efforts and two new research centers 

dedicated to water technology have been created, the Center of  Excellence for Water Recycling and 

Center of  Excellence for Desalination (AWA, 2011). Since the turn of  the millennium, Australia has 

experienced major growth in water technology patents (Lloyd and Turonek, 2010). Desalination 

plants and city-wide wastewater recycling systems are also being pursed. In Australia, the use of  

recycled water is increasing, and now totals 5% of  total consumption (GWI, 2010).  In 2006, the 

government also implemented a new certification standard, the Watermark, for water supply, 

sewerage, plumbing and drainage goods (Kanawati, 2008). Government entities and the private 

sector have together recognized the economic growth potential of  an export oriented water industry 

and are working hard to bolster Australian water technology and engineering firms, most actively in 

neighboring southeast Asian countries.  

 Today Australia is widely recognized for its progressive water management practices. The last 

decade has seen the rise of  multiple industry associations such as Australian Water Association 

(AWA), WaterAustralia, Water Supply Advocate, and the Australia Water Industry Alliance (AWIA). 

For example, WaterAustralia aims to triple exports of  Australian water technologies by 2015 (Lloyd 

and Turonek, 2010). These various agencies are now working closely with governmental 

departments such as the department of  Innovation, Industry, Science and Research and Australian 

trade commission to promote Australian water industry expertise throughout the world. That trade 

promotion has begun to pay off, for example, the Australian Water Industry Alliance (AWIA) claims 

to have grown annual exports of  South Australian water technology products and water 
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management services from less than $30 million in 1998 to over $550 million in 2011, over $3 billion 

in total export revenues (AWIA, 2011).  Australian firms such as engineering giant WhorlyParsons, 

Earth Systems, or SMEC have parlayed their mining and water engineering expertise into a global 

presence.  Smaller and midsize firms with niche products such as specialized pump technologies, 

have also seen growth in exports (Nadolny, 2008).  

 In 1994, well before the current crisis and growing public cognition of  the countries 

vulnerability to global climate change, the Council of  Australia Governments (COAG) agreed to a 

significant water reform framework.  The reforms were intended to make the industry more 

commercially oriented and responsive to change. Operational and regulatory responsibilities were 

separated throughout the country and are now administered through state or local bodies. Local 

utilities were reformed into large integrated state-owned corporate water service providers. Australia 

has over 300 utilities, but 71% percent of  the population is served by the 22 largest ones centered 

around the major urban centers (Kanawati, 2008). Despite its vast size, Australia is heavily urbanized 

with over 90% of  the population connected to a main water supply. Local competition in the 

procurement of  capital items and facility management services was strongly encouraged and has 

resulted in more economic development (AWA, 2012). Significantly, water price subsidies were 

removed from Australia, which has been credited by industry as resulting in much higher 

investments in efficiency improvements.  Water rights were also reformed and today, users purchase 

entitlements that can be bought and sold, with the result of  a water market arising with rural to 

urban water transfers (AWA, 2011).  The trading market has been very successful for farmers, 

particularly during dry years.  For example in 2009, there were transfers of  over $220 million in the 

south Murray Basin alone. As a result of  these reforms, Australia’s water productivity has increased 

over 50%, and urban efficiency has improved over 25% (AWA, 2011).

 Water knowledge creation, at least as measured by Australia water technology patent 

production, has thrived since the reforms. Australian inventors filed 1,475 patents between 
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2004-2006, over one third of  all water technology patents filed in the country (Lloyd and Turonek, 

2010).  A large portion of  the patents is for residential or one off  uses, such as rain collection, rather 

than industrially oriented products (ibid).  This is expected to change as industrial producers have 

rapidly embraced conservation technologies and many water intensive industries are incorporating 

direct water reuse technologies (Fishman, 2011). Large investments in desalination and water 

recycling will also increase research and development opportunities and capabilities.  For example, 

the city of  Melbourne is currently building the world’s largest desalination plant which will 

complement the country’s existing plants at Sydney, Perth, and the Gold Coast.  

 One significant barrier to innovation, however, is the relatively conservative financial sector. 

Australia has a developed conventional financial industry, but historically it has not been a major 

source of  capital for small technology startups (Kanawati, 2008).  Nor is there an overly large 

venture capital presence. Surveys of  inventors find that lack of  resources is a major impediment to 

commercialization (Lloyd and Turonek, 2010). Similarly, surveys of  the renewable energy sector have 

also found that financial tools are an impediment to industry growth. The federal government has 

developed grant and loan programs aimed at overcoming this gap but potentially more is needed 

(AustraliaWater, 2011). Additionally, various federal and state governments have developed business 

incubators aimed at connecting innovative start ups with capital. Several niche start ups have 

prospered, particularly in wastewater products. For example, Biogill Environmental, invented an 

innovative membrane technology; Aqua Diagnostics, pioneered a wastewater sensor; Environstream 

Solutions created a new filter technology (ibid). As the water reuse industry grows internationally, 

these firms are well positioned to thrive. 

 Another significant development brought about by the 1994 reforms, is that the federal 

government’s Bureau of  Meteorology now prepares the annual report, the National Water Account, 

which details volumes of  rainfall, water stocks and current flows, water use, water rights, and water 

market trades (ibid).  This public information is used to plan water management accordingly.  The 
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government has also created the “Water for a Healthy Country Flagship Program” a long-term water 

urban planning program with a goal of  developing integrated urban water resources management 

approaches that utilize the full water cycle from stormwater capture to effluent discharge (ibid).  

This is a very important governance goal that is similar to Singapore and Israel’s strategies of  

comprehensive water resource management.  The Netherlands has also moved decisively in this 

direction with water management now handled under central ministry of  infrastructure and the 

environment.  

 In Australia, however, implementation of  integrated management practices has been 

somewhat spotty in practice. For example, Benetini and Brown’s study of  the drought stricken 

western Australia city of  Perth, found major institutional barriers despite the overwhelming 

compelling logic of  integrated management. As most parts of  the water process are managed 

separately from one another, each player is only focused on their role rather than the complete 

picture. Information was not easily shared, single use infrastructure continued to be the preferred 

method, and incentives were misaligned (Benetini & Brown, 2011).  Findings such as these have 

potential ramifications for continued reforms. Many water resource managers recognize the logic of  

integrated water management, particularly as a cost effective new source, yet are cognizant of  the 

structural tension that currently exists.  Therefore, many have concerns about additional reforms. In 

a policy paper on additional possible reforms, the Australia Water Alliance explicitly cautioned that 

planning must continue to be integrated with service delivery.  The AWA further warns that 

unplanned “disaggregation of  the industry” could diminish institutional knowledge capacity and 

aggravate the problem. (AWA, 2009:2).  

5. Domestic Aspirations: Milwaukee, Wisconsin, Cincinnati, Ohio, & The San 

Joaquin Valley
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  The United States water and wastewater industries are the world’s largest and most 

developed. In 2011, sales topped $136 billion—over a quarter of  the global total.  Since 1994 the 

industry has nearly doubled in size, growing an average of  4.1% every year. (Environmental Business 

International, 2012). There are hundreds of  thousands of  water businesses in the United States. 

Accordingly, there are also numerous regional centers of  water technologies. I do not intend to get 

into a detailed explanation of  the workings of  the United States water technology innovation system 

here as I discuss that in much more detail in my analysis of  southern California in the chapters that 

follow.  Instead I wish to briefly discuss three regional centers here. Again I would like to note that a 

case could be made for other regional water technology centers.  For example, the Tristate New 

York, Pennsylvania, New Jersey region is a very strong player in water technologies with US 

headquarters of  Siemens Water Technologies, Dow Chemical, Pall, and the newly water focused ITT 

spinoff  Xylem (See Table 6).  Preliminary investigations of  the TriState region seemed to suggest 

that these agglomerations were less a result of  water industry as much as the product of  

agglomeration economies with closely related chemical and manufacturing firms, water being one 

product line among many for corporate conglomerates.  As I am particularly interested in the 

economic development potential of  water innovation, I have chosen to focus on these three regions 

because they have each articulated a specific economic development strategy centered on growing 

the water technology industry.  

The Milwaukee Water Council

 Milwaukee, Wisconsin has recently made a major play to become an international center of  

water technology.  Led by Paul Jones, the CEO and Chairman of  the water heater manufacture A.O. 
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Smith, a major nonprofit organization, the Milwaukee Water Council has been formed in order to 

brand the region as a global leader in water technologies (MWC, 2011). Building on the region’s 

strength in brewing, water technology manufacturing, and the University of  Wisconsin-Milwaukee’s 

School of  Freshwater Sciences, the first in the nation, the MWC explicitly aims to be one of  the top 

3-5 water clusters in the world. The council has more than 130 water technology companies as 

members, including major firms such as A.O. Smith, MillerCoors, InSinkerator, andVeolia North 

America (White et al, 2009).  Local universities boast over 100 academic researchers working on 

water solutions, and have developed graduate programs centered on water law and water business 

management.  The council is focused on building world-leading companies in water technology, 

storm-water management, and green infrastructure, extracting renewable energy from waste 

products.  

 The MWC sponsors a yearly water summit—a daylong seminar that last year drew 200 

attendees with presentations from national industry experts and political representatives.  In 2010, 

the state allocated $50 million for the development of  the Freshwater Sciences graduate program, 

complete with an accompanying business park (MWC, 2012).  An additional $2.6 million in private 

funds was pledged for the policy school. This year the National Science Foundation awarded $2.75 

million for seven water research projects to be completed at the new joint UWM and Marquette 

National Science Foundation’s Industry/University Collaborative Research Center. The Water 

Council augmented the grant with private-sector donations that will amount to another $1.5 million 

over the next five years. The MWC has already spawned a successful solar hot water business cluster 

spin off. Milwaukee has also formed a partnership with the United Nations, becoming a U.N. Global 

Compact City, the only city focused on freshwater management. This agreement requires the city of  

Milwaukee to conduct a variety of  water-quality projects that other cities can emulate.  Notably, The 

MWC has trademarked a “Blue Footprint,” an idea similar to a carbon footprint and based upon 

Veolia’s Water impact index (ibid).
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(Tri-State) Water Technology Innovation Cluster

 On the other side of  the great lakes another water technology cluster strategy is being 

implemented in the Cincinnati/Dayton Ohio region.  Rather than being led by the private sector, like 

Milwaukee, the initial impetus for the new, Tri-State Water Technology Innovation Cluster comes 

largely from the Federal Government. Under the Obama administration, industrial policy appears to 

have grown more supportive of  building agglomeration economies including targeting new potential 

clusters. The EPA and SBA designated the Cincinnati region a strong water cluster candidate 

because of  Cincinnati’s strong water science facilities such as the EPA research laboratories and 

testing facilities, principally the Kettering Research Laboratory (EPA, 2012).  The region has 

produced a significant number of  regional water patents, notably in water purification technologies 

(Foley & Lardner, 2010).  The initial development of  the Tri-State Water Technology Innovation 

Cluster was funded through a $5 million EPA Science to Achieve Results (STAR) grant for the 

formation of  the National Center for Innovative Drinking Water Treatment Technology.  The goal 

of  the initiative is to establish the region as a global leader in clean water technology.  This initiative 

leverages the region’s history of  clean water technology and strong manufacturing representation to 

attempt to build a world-leading technology cluster.  It is much too early to tell if  this initiative will 

capture the region. So far, the only event held was in May 2011, where the the Tristate cluster 

sponsored a one-day workshop on regional water innovation needs, with presentations ranging from 

venture capital opportunities in water technology, to more effective wastewater management.  Given 

the region’s major water industry presence and strong patent production, it is likely that this initiative 

will meet with long term success, particularly if  the federal government continues to promote its 

development. 
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San Joaquin Valley Water Cluster

 Finally, I want to make a quick note of  the San Joaquin Valley.  As one of  the richest 

agricultural areas in the world and served by one of  the most advanced irrigation networks, it is 

perhaps no surprise to find the San Joaquin Valley has a high density of  irrigation businesses. Nearly 

160 water companies have a presence in the valley (ICWT, 2012). One can speculate that many of  

these early firms may have had origins in California’s native hydrologic mining technologies. Soil 

conditions also likely inspired research as well. Parts of  the central valley have naturally saline soil 

which does not drain well. Irrigated water often has some salt in it and it accumulates as the water 

evaporates (Lauer, 2009:31). The high salt content of  the soil in the valley and rapidly growing 

agricultural industry initially spurred development of  native water technology companies. The rapid 

growth in agriculture in the twentieth century allowed these companies to flourish. In 2001, as a part 

of  the central valley economic development strategy, the region formed the San Joaquin Valley 

Water Innovation Cluster.  The cluster targets irrigation techniques, soil management, ground-water 

management, and smart water systems.  Early on, cluster members identified the need for a world-

class institution in Water Flow Technology—akin to Fresno State’s existing Center for Irrigation 

Technology—to both train the workforce and to provide testing services and certification of  

industry standards (ICWT, 2012).  In 2007, the International Center for Water Technologies (ICWT) 

was established to fulfill these roles.  

 The International Center for Water Technologies aims to be a world-leading fluid sciences 

research and testing institution. The center sponsors and conducts research in water conservation, 

reuse, reclamation, desalination, agricultural and urban water use, and water challenges for the food 

processing industry. As a part of  CSU Fresno, the ICWT is largely funded through the government, 

or through research grants (ICWT, 2012). A sister institution, The California Water Institute, was 
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also created to bolster the cluster.  The institute’s mission is to provide education and policy research 

and analysis, with a particular focus on integrated regional water management planning (CWI, 2012).  

The water institute was initially funded by voter approval of  a $2 billion water bond measure. 

Proposition 13 in 2000 earmarked $3 million to start the California Water Institute. In 2007, working 

closely with the state and local governments, the central valley economic development agencies and 

the nonprofit Central Valley Business Incubator, established the Claude Laval Water and Energy 

Technology Incubator (WET) for emerging central valley water and energy companies (Claude Laval 

WET, 2012). WET aids in developing business plans, networking, identifying markets, and 

connecting businesses to capital. To date, WET has helped 15 water/energy technology valley 

entrepreneurs obtain over $17 million in capital (WET, 2012).  Working with ICWT, WET holds an 

annual Blue Tech valley water conference promoting central valley water companies. 

6. Case Study Summary 

From my investigation of  international water centers I can conclude the following similarities are 
shared:

1. Water security concerns that are potentially economically devastating

2. National water monitoring institutions

3. Governance institutions have been restructured to promote integrated urban water management 

practices 

4. Water price subsidies have been removed, or at least reduced, and price signaling is employed to 

encourage appropriate usage and investment

5. Water rights have been reformed to better incentivize appropriate usage and investment

6. Governments issue permits for the majority of  water related activities

7. Economic Agents, often non-profit organizations, promote water conservation and 

environmental consciousness 
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8. Governments have made major water related infrastructure investments 

9. Water technology knowledge creation is heavily invested in, as evidenced by the establishment of  

water technology research centers, government research grant funding, private research and 

development

10. There is a heterogeneous mix of  firms with strong external economies

11. There is state support for business incubation services 

12. Each has relatively sophisticated financial tools available business investment 

13. Industry groups actively market the regional water industry internationally 

14. The water industry is targeted as a vehicle for export led economic growth in goods and services

15. Governments works closely with private sectors to promote industry 

It should be noted that of  the four cases chosen, Israel and Singapore stand out both for their 

relative successes and for their particularly strong partnership between firms and the government.  

1. Formed public/private partnerships with multinationals and local firms to build innovative water 

treatment plants

2. Actively courted international and public private knowledge sharing agreements 

3. Aggressively market country as global water technology innovation center

4. Strong international network connections 

5. Strong cultural bonds of  trust
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Table 1. Analysis of  the Components and Functions of  Selected International Water Technology Innovation Systems
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IV. A Critical Analysis of  Southern California’s Water Reuse & Recycling 
Economy 

“California’s water system might have been invented by a Soviet bureaucrat on an LSD trip”
                                  - Peter Passel “Economic Scene: Greening California,” New York Times, 1991

! Water has always loomed large in Southern California’s imagination.  The semi-arid region is 

commonly believed to be a desert—a popular misperception that continues to this day—and an 

imagery of  “rivers out of  the desert” has sprung up about the region. The millions that migrated to 

the region quickly overwhelmed traditional sources like the Los Angeles River as they transformed 

the region from empty ranch land into orange groves and then the vast urban megalopolis of  Los 

Angeles. This metamorphosis required new water delivery infrastructures be built to serve the new 

population.  The 1977 film noir classic Chinatown captured the intrigue and subterfuge behind the 

early twentieth century water wars of  the Los Angeles region. Chinatown covers the famous period 

when Los Angeles began its rapid growth. Under the leadership of  chief  engineer William 

Mulholland, the Los Angeles Water and Power District built the massive Los Angeles aqueduct to 

bring water into the city from the distant Owens Valley on the far side of  the Sierra Nevada 

mountain range.  Just as in Chinatown, powerful Los Angeles individuals used no small amount of  

subterfuge in distracting the Owens Valley farmers who depended on the water (Reisner, 1993; Lach 

et al, 2004). Los Angeles used its new water supplies to lure neighboring urbanities into annexation, 

thereby cementing its position as the regional capital.  Later the regional interagency Metropolitan 

Water District of  Southern California (MWD) managed the equally impressive feat of  lifting 

Colorado River water over the Whipple Mountains to supply the growing urban region with an even 

greater abundance (Hundly, 2001).  Indeed the popular imagery of  “rivers out of  the desert” was 

not too far off  the mark.  Perhaps because people instinctually know that water simply does not 
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flow in a desert, the region’s relationship with water  has always been a slightly uneasy one, despite 

the ongoing successes of  the Southern California water agencies in maintaining a steady supply.  

 Southern Californians are right to be concerned, for it is has been estimated that the greater 

Los Angeles region only receives sufficient rainfall to support approximately 1 million people, a 

sobering statistic in a region of  nearly twenty million people.  Accordingly water security continues 

to be a major concern for the region, regularly ranking high among residents.  With climate models 

promising a drier future to come, this concern will only grow.  Moreover the Twentieth Century saw 

the birth of  a powerful environmental movement in California that spotlighted the physical 

transformations wrought by urban thirst. Despite several droughts over the decades, the regional 

water agencies have always fulfilled their stated mandates: residents have not once faced the prospect 

of  an empty spigot (CADWR, 2012). This achievement is one of  the reasons the region has grown 

into the powerful economic and cultural megalopolis that it is today; however, it has also fostered a 

path dependency in favor of  large engineering solutions that today are no longer tenable.  The 

various water agencies designed to allocate bountiful water supplies from afar have often struggled 

to adapt instead to efficient management (Zetland, 2008).   

 Water policy has always been critical to economic development, and management of  water 

resources has nearly always been a central domain of  the the state.  Some historians even believe that 

water management was the critical prerequisite for the development of  civilization. Pointing to the 

overlap in the archeological record of  irrigation, agriculture, and the first cities, the so-called 

hydraulic civilization theory postulated that the state-administered irrigation of  Mesopotamia gave 

rise to the first city-states, and thus civilization (Solomon, 2011).  Moving forward thousands of  

years, as nineteenth century America embraced the industrial revolution, major cities such as New 

York, Boston, and Philadelphia experienced unprecedented growth and quickly outgrew their local 

water supplies.  As a result, they turned to the states that then imbued water agencies extra-

jurisdictional legal authority to secure supplies from outside of  city limits (Gottlieb, 1993:2).  
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Following this lead, water management in the American West has largely been dominated by quasi-

independent water agencies or utilities as the central public actors responsible for supplying and 

arbitrating water for cities and the various private interests such as, mining, industry, or most 

obviously agriculture. 

 As settlers moved west the relative scarcity of  water lead to the creation of  multiple new 

legal authorities at federal, state, and local levels in order to effectively procure and manage water 

supplies (Hundly, 2001).  The West, and California in particular, also pioneered a myriad of  legal 

institutions in order to manage water rights and negotiate disputes. The water wars of  the early 

twentieth century occurred in the context of  these new governmental agencies and the use of  the 

various legal instruments have often been quite controversial. Environmentalists often bemoan the 

physical transformations our massive infrastructure has wreaked, and the sprawling urban regions 

that it allowed to come into being. In recent decades numerous nonprofit organizations, such as the 

Pacific Institute or the California Urban Water Council (CUWC, 2012; Pacific Institute, 2012), have 

worked very hard to promote a cultural shift away from large infrastructure solutions and towards 

conservation. Meanwhile economists have developed their own set of  prescriptions, such as water 

rights transfer schemes in order to promote more efficient usage of  current supplies (e.g. Zetland, 

2012).  Regional scientists, engineers, and inventors continue the search for technological solutions, 

and entrepreneurs have developed numerous new products to help solve our water needs. 

 These legal and cultural institutions, and actors—and, of  course, the firms that build the 

infrastructure and supply technologies—make up the functional components of  regional water 

industries.  Although this thesis is primarily focused on the emergence of  a water reuse technologies 

industry it is critical to understand the Southern California industry context.  In order to understand 

the workings behind market formation, knowledge development, or how resources are mobilized we 

must first understand the industry’s basic structure and the institutions governing it. 
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1. The National Context

 The starting point of  our analysis is to consider the Southern Californian regional water 

economy as it operates within the national context; particularly relevant is the state as it operates 

under a federal power sharing system (U.S., 1776).  State governments have jurisdiction over local 

businesses but must comply with federal law.  Interstate commerce is regulated by the Federal 

Government, and hence important governance tools such as interstate firm regulations, patent law, 

and environmental and safety regulations are largely in the hands of  the Federal government (ibid).  

In general, California has a free hand to make rules and regulations as they see fit unless in conflict 

with Federal law; in practice, this often means the state can make regulations that are stronger then 

the Federal government, but usually not weaker. However the state cannot make independent trade 

rules and must abide by international treaties signed by the Federal government (ibid).  Both entities 

have the power to make laws and tax and spend. The Federal government, however, has vastly more 

funds available and therefore large infrastructural expenditures as well as research and development 

investments are often allocated at the Federal level—although in the case of  California’s water 

infrastructure local entities have been responsible for much investment (Hundly, 2001).  

 Innumerable legal scholars have dedicated their lives to exploring and debating the workings 

of  our federal system, and I have no intention of  attempting to cover such territory here.  However, 

a few points are important to emphasize for our purposes.  As participants in our national market, 

Southern California’s firms have access to the nation’s well-developed private financial markets as 

well as the nation’s consumer markets.  Local scientific researchers are tied into national scientific 

networks.  Inventors have protection under national patent system.  Private entities, such as 

individual property owners and firms enjoy strong legal protections and have equal standing before 

the law. In claims of  eminent domain the state is not only required to give just compensation, but 
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often must put forth a strong legal case in order to justify the claim.  The environment also enjoys 

strong legal protections under the U.S. system.  Water projects must comply with legislation such as 

National Environmental Protection Act (NEPA), California Environmental Quality Act (CEQA), 

the Endangered Species Act, and numerous water and environmental quality rules.  These 

protections have had profound impacts on state water management practices (Hanak et al, 2011).  

  The State and Federal governments both have also established agencies that create—or 

heavily influence—water policy.  Similar to the nation as a whole, over 70% of  the state’s water is 

used in agriculture (CADWR, 2009). Accordingly, at the federal level much of  California’s water 

policy and investment is directed towards the service of  agriculture.  It should be noted that the 

United States effectively lacks a cohesive national water policy; this is largely due to the diverse 

geography of  the country leading to very different local water needs.  In effect this means that 

Federal agencies often serve as participants in local water strategies, rather then setting the policy 

agenda (Gottlieb, 1991). This stands in stark contrast to some international examples such as 

Singapore or Israel where the central government has a near absolute authority to set national water 

policies. 

 The Department of  Agriculture and the EPA directly and indirectly play a strong role in the 

water economy through federal policy and regulation.  Additionally, the Army Corp of  Engineers 

and the Department of  the Interior's Bureau of  Water Reclamation are charged with managing 

navigation, flood control, and the development —and transportation—of  new water supplies. In 

Southern California these agencies continue to play a major role in the development of  water 

resources, not only as a source of  policy mandates, but also as direct builder and manager of  

numerous projects, from the Central Valley to the Colorado River (Hanak, 2003). In fact, California’s 

largest surface storage owner is the Federal government with over 17 million acre feet in available 

water storage, nearly four times the state’s (Freeman, 2012). The Bureau of  Water Reclamation is 

68



also the largest holder of  state water rights—the legal instrument that grants entities the right of  

water usage (ibid). 

California Water’s GovernanceCalifornia Water’s GovernanceCalifornia Water’s GovernanceCalifornia Water’s GovernanceCalifornia Water’s Governance

Water Supply  
Management

Water Quality 
Enforcement

Research & 
Development Investment

Invests in 
Individual 
Projects

Federal Agencies
US Department of  Agriculture 
Environmental Protection Agency 
Army Corp of  Engineers
US Bureau of  Reclamation
Geological Survey

US Department of  Energy
Small Business Administration 
National Science Foundation
State Agencies 
Department of  Water Resources
State Water Resources Control Board
CALFED Bay-Delta Authority
California Public Utilities Commission
Colorado River Board
Department of  Pesticide Regulation
Department of  Public Health
Non Government Actors
Tribal Lands
Special Districts (Agencies)
Cities 
Counties
Private Companies 

X X X
X X X

X X X
X X X X
X

X X
X 
X

X X X
X X X

X X X
X
X X

X
X X

X X X
X X X X
X X X X
X X X X
X X X

Table 2: California Water Policy Governance Institutions (Sources: CA DWR, 2012; Freeman, 2011; SBA 2012, EPA, 
2012)

 The Federal government also plays a very strong role as a source of  water research 

investment.  For example the Bureau of  Water Reclamation’s Title XVI and WaterSMART programs 

provided millions to the building of  the Orange County Ground Water Replenishment system 

(OCWD, 2012).  In 2011 California water projects and studies received a total of  $21.2 million for 

reclamation and reuse projects and studies and another $11 million in 34 separate water and energy 

efficiency grants (Langford, 2012). Other Federal departments also play a role in funding water 

technology research including the Department of  Agriculture, the Army Corp of  Engineers, the 

Department of  Energy, the EPA, and the National Science Foundation. Furthermore, other Federal 
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departments such as the Commerce Department and the Small Business Administration administer 

programs that provide funding for firms. Although these programs are not water specific this is an 

additional source of  firm financing other then conventional banks, private investors, and the stock 

or bond markets. 

 Through their powers to tax and spend the Federal and State governments are a major 

source of  water infrastructural investment and a primary source of  research funding. They are also 

the regulators of  our legal institutions, both those that manage knowledge creation, such as our 

patent system, but also financial instruments such as stocks and bonds that are primary funding 

mechanisms for our infrastructure, as well as the major source of  private business investment. 

Typically there are three ways that public agencies pay for water infrastructure. In the United States 

the issuance of  interest bearing bonds is a major form of  infrastructure financing. Bonds allow a 

governmental entity to borrow money to be paid off  over time to build or purchases capital 

facilities.  The Federal government grants municipalities the right to raise funds through the selling 

of  tax exempt bonds which gives municipal bonds an advantage over private bonds. 

 In California infrastructural projects there are two principle bond types, general obligation 

bonds which are paid from the state’s general fund, and revenue bonds which are paid back by a 

dedicated revenue source usually the capital projects revenue stream (Freeman, 2012). Unlike 

revenue bonds, general obligation bonds must be approved by voters and their repayment is 

guaranteed by the state’s taxes.  Another is a so-called “pay as you go” approach where capital 

investment is paid by ongoing revenues, this is typical of  many federal projects which are paid out of 

general tax revenues The third option is to rent or lease a privately owned infrastructural project. In 

this approach private owners make the capital investment and public agencies will make payments 

for its usage. This approach is still fairly rare in the United States, but is increasingly employed in the 

rest of  the world, most notably in the developing world (GWI, 2010).   These arrangements are 

often controversial and are criticized as privatization of  a public good (Wolfe and Palaniappan, 
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2004), but they have some major advantages. These types of  contracts often save the local 

government the large initial capital expenditure—even though they are more costly for the region 

over the long term.  They can also reduce the risk of  incorporating new technologies for public 

agencies.  In my examinations of  Israel and Singapore, both countries used this type of  agreement 

in building innovative plants that had the added benefit of  bringing international expertise to the 

local market.  If  U.S. voters continue to be tax adverse and vote down new public agency water 

investment then one can expect to see this approach become more common here.  Recently the 

LADWP has embarked on this approach with its request for proposals on a new Hyperion 

wastewater energy cogeneration plant in El Segundo3 (Mendoza, 2012). 

 California is a representative democracy where the majority of  water policy decisions are 

made by the State legislation, but the state also has a strong history of  direct democracy through the 

use of  voter ballot initiatives.  The ballot initiative process often takes precedence over the workings 

of  the representative government.  For example the infamous 1978 Proposition 13 tied state 

government’s ability to raise taxes by limiting annual property tax increases and requiring a two-

thirds legislative majority to raise taxes (CA Legislation info, 2012).  Historically, voters have been 

very supportive of  water issues. Since 1970, the state’s voters have authorized over $23.4 billion in 

water–related general obligation bonds.  Nearly 80% of  that has been approved in the six bonds 

since 2000 (Freeman, 2012).  However, voters have also turned down important water initiatives. For 

example voting down the Peripheral canal in 1982.  The upcoming 2012 $11 Billion water bond 

revisits the peripheral canal, as well as a multitude of  other projects (ACWA, 2012). The bond had 

already been postponed from its original 2010 date and is likely to be further revised, and costs 

reduced to improve its chances at passage (Interviews, 2012). 

71

3 Please see Engineering Firms, in Chapter 5.7 for additional discussion



Map 1. Californian Surface Water Projects (CADWR; 2005) 

6.  Actors and Networks: State and Local Agencies 
   
 Through its legislative authorities to determine the legal environment, California’s state 

government plays the most powerful role in setting local water policy.  California’s legislature is 

among the nation’s most progressive and in recent years, the state has passed global warming, 

regional planning, and water ordinances that are among the world’s most admired.  AB32 is a 

landmark global warming solutions act passed in 2006, and the closely related SB375, requires urban 

planning to include holistic assessments of  carbon emissions and design communities that reduce 

them (CA Legislation Information, 2012). In practice, this will result in higher density and less 

sprawling urbanities that are much more water efficient than designed communities of  the past.  Specific 
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water policy measures such as AB1881, which mandates landscape water efficiency standards, or 

AB849 that allows for conditional use of  greywater technologies (ibid), are important state tools that 

not only promote efficient use of  water, but can also spur industry innovation (e.g. Porter and van 

der Linde, 1995).

 Today roughly 2,400,000 acre feet, or 60% of  Southern California's water supply, is imported 

to the region over the three major aqueducts - the Los Angeles River, the Colorado River, and the 

State Water Project (CADWR, 2009). As these projects were built, each being more complex and 

expensive than the previous, a larger regional entity was needed to build and manage it. The City of  

Los Angeles first built the LA Aqueduct (Hundly, 2011). Then in 1927 the regional water agency 

Metropolitan (MWD) was established to build and manage the Colorado River aqueduct. Then 

finally in 1956, the State itself  built the State Water Project and established a Department of  Water 

Resources (CADWR, 2012).  The development of  these multi-scalar regional water agencies has 

helped to give Southern California an incredibly complex water industry.  California has over 3,000 

water agencies operating statewide. Southern California has nearly 300 retail agencies alone 

(CADWR, 2012). As these agencies regulate, manage, and develop water resources, they are 

important agents whose actions directly impact economic functions such as market formation, the 

direction of  investment, and allocation of  resources. Additionally—as I will show with Orange 

County—some of  these agencies are at the forefront in researching new water technologies.

 Beneath the Federal and State agencies that regulate the industry, the actual service of  

distributing water and providing sanitation services and even most flood control services are 

provided by cities, counties, special districts—such as the regional special district MWD, or private 

firms. Special districts are public agencies established to manage or distribute water locally.  These 

entities can be wholesalers, distributors, retailers, or specific levee and reclamation districts that 

largely manage flood control concerns, and water replenishment districts—generally regional 

organizations that are dedicated to improving groundwater supplies (CADWR, 2012).  Their 
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governing boards are usually determined by public election.  Special districts often have boundaries 

that overlap other water governance agencies, and rarely ever match municipal or county boundaries. 

Many water special districts receive property taxes in order to support their operations, while others 

are funded primarily through user fees. Some special districts can also issue local general obligation 

bonds backed by property tax levies in order to fund capital investments (Freeman, 2012).  In some 

areas of  California, there are also private utilities that provide these services.  Private water 

companies are closely regulated by the Public Utilities Commission to ensure responsible behavior 

(Aldinger, 2010).  For example, strict requirements of  justification must be met before they are 

allowed to raise their prices (ibid).  

Notable	  Legal	  Developments	  and	  Legislation	  affecting	  California	  Water	  PolicyNotable	  Legal	  Developments	  and	  Legislation	  affecting	  California	  Water	  PolicyNotable	  Legal	  Developments	  and	  Legislation	  affecting	  California	  Water	  Policy

Year Development Purpose/Requirements
1850 English	  Common	  Law English	  Common	  Law	  is	  adopted,	  supplanting	  Spanish	  Law
1855 Irwin	  v.	  Phillips Right	  of	  prior	  appropriation	  established
1868 Reclamation	  District	  Act Reclamation	  Districts	  authorized
1886 Lux	  v.	  Haggin	  Decision Riparian	  Rights	  held	  as	  superior	  to	  appropriation	  rights
1887 The	  Wright	  Act Irrigation	  Districts	  authorized
1913 Water	  Commission	  Act State	  Water	  Commission	  established	  with	  the	  power	  to	  issue	  water	  rights	  permits
1928 Flood	  Control	  Act	  (Fed) Corps	  of	  Engineers	  expanded	  Rlood	  control;	  (e.g.	  LA	  River	  Rlood	  control	  project)
1928 Reasonable	  Use	  Doctrine All	  water	  rights	  became	  subject	  to	  the	  requirement	  of	  reasonable	  use
1933 Sect.	  5937	  Fish	  and	  Game Dam	  owners	  must	  allow	  enough	  enough	  water	  to	  Rlow	  to	  maintain	  Rish	  stocks
1949 Dickey	  Pollution	  Act State	  Water	  Pollution	  Control	  Board	  established
1967 State	  Water	  Board State	  Water	  Resources	  Board	  established
1969 NEPA	  (Fed) National	  Environmental	  Policy	  Act	  requires	  Fed	  to	  consider	  environment	  impact
1969 Porter	  Cologne	  Act Requires	  State	  water	  quality	  standards	  (the	  model	  for	  Clean	  Water	  Act)
1970 CEQA Requires	  local	  government	  to	  consider	  environmental	  impacts	  for	  development
1972 Clean	  Water	  Act	  (Fed) Required	  the	  states	  or	  the	  U.S.	  Environmental	  Protection	  Agency	  to	  set	  standards
1972 Wild	  &	  Scenic	  Rivers	  Act Protected	  	  many	  waterways	  from	  new	  dams
1974 Water	  Reuse	  Law Directed	  state	  to	  use	  research	  and	  develop	  all	  available	  sources
1982 Peripheral	  canal	  defeated Voters	  rejected	  the	  canal	  proposal	  ending	  the	  era	  of	  hydrologic	  infrastructure
1983 Mono	  Lake	  Decision Limited	  LADWP	  water	  draws	  from	  Mono	  Lake	  and	  required	  ecosystem	  restoration
1989 Santa	  Barbara	  BC	  #	  3665 Santa	  Barbara	  becomes	  Rirst	  U.S.	  municipality	  to	  legalize	  the	  use	  of	  greywater	  
1991 Water	  Code	  13577 California	  Water	  Recycling	  Act:	  set	  state	  goals	  of	  700,000	  acre-‐feet	  of	  water	  x	  2000
1992 CVPIA	  (Fed) Central	  Valley	  Project	  Improvement	  Act	  required	  bay	  delta	  ecosystem	  restoration
1992 Assembly	  Bill	  3518 Directed	  the	  DWR	  to	  make	  greywater	  standards;	  allowed	  residential	  greywater
1994 CALFED	  Bay	  Delta CALFED	  established	  to	  manage	  Bay-‐Delta
2001 Senate	  Bill	  2095 	  Water	  Recycling	  in	  Landscaping	  Act
2002 Senate	  Bill	  1672 	  Integrated	  Regional	  Water	  Management	  Act	  encourages	  interagency	  cooperation
2003 Assembly	  Bill	  331 Set	  up	  a	  Recycled	  Water	  Task	  Force;	  requires	  groundwater	  basin	  monitoring
2006 Assembly	  Bill	  1881 Requires	  large	  landowners	  to	  adopt	  water	  efRicient	  landscaping	  models
2006 Assembly	  Bill	  331 Requires	  State	  departments	  to	  consider	  outdoor	  reuse	  water;	  plumbing	  code	  updated
2006 Assembly	  Bill	  32 Global	  Warming	  Solutions	  Act;	  requires	  reductions	  in	  gases;	  comprehensive	  plans
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Notable	  Legal	  Developments	  and	  Legislation	  affecting	  California	  Water	  PolicyNotable	  Legal	  Developments	  and	  Legislation	  affecting	  California	  Water	  PolicyNotable	  Legal	  Developments	  and	  Legislation	  affecting	  California	  Water	  Policy

Year Development Purpose/Requirements
2007 Flood	  Legislation 6	  Bills	  Requiring	  a	  more	  comprehensive	  approach	  to	  improving	  Rlood	  control
2009 Senate	  Bill	  x7-‐7 Requires	  all	  urban	  water	  suppliers	  to	  increase	  water	  use	  efRiciency	  20%	  by	  2020

Table 3. Notable California Water Policy Legal Developments and Legislation (Sources: CADWR, 2004, 2005; Hundly, 
2001; Hanak et al, 2009; Freeman, 2010). This is not a comprehensive list. Most notably it excludes the legislation that 
authorized major water infrastructure projects (i.e. Hoover Dam, Hetch Hetchy reservoir, State Water Project, etc.).

 The sheer number of  water policy authorities greatly complicates the state’s recent efforts at 

integrated water management.  In recent decades CADWR has made strides in moving to regional 

water management.  Today much of  the water resource management is divided among 9 sub regions 

which are defined by the natural geography rather then political borders (CADWR, 2012).   In 2002, 

the legislature created the Integrated Regional Water Management Program (IRWM) to promote 

interagency cooperation (Hanak et al, 2009). Under IRWM, local agencies together submit to the 

state a regional water management plan that comprehensively addresses water issues—including 

water supply reliability, water use efficiency, stormwater, groundwater, flood control, etc.  These 

projects then become eligible for funds from water bonds.  IRWM is jointly managed by the 

Department of  Water Resources and the State Water Resources Control Board (ibid).  Many IRWM 

projects have been funded by the successive water bonds approved since 2002. Although the 

program has been hailed as a step towards integrated water management, my interviews indicated 

that agencies have found its implementation to be difficult.  One project manager complained about 

its complexity and the uncertainty of  funding. Regardless, people agreed that it has led to some 

improvement in interagency cooperation (Interviews, 2011).  

 In the Western United States, water agencies have historically been the central agents in water 

management.  The journalist Robert Gottlieb and geographer Margaret Fitzsimmons, have together 

written a history of  California agencies arguing that the relatively undemocratic water agencies 

(despite public elections, most citizens have little knowledge of  water agency policy) have often 
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served as a “hidden government” directing the growth of  the state from behind the scenes 

(Gottlieb, 1991).  Gottlieb and Fitzsimmons focus on the Metropolitan Water District of  Southern 

California (MWD), the regional water wholesaler that is responsible for more than half  the regions 

water supply. MWD is a special district regional wholesaler that delivers water to 26 member public 

water agencies—14 cities, 11 municipal water districts and one county water authority.  These 

agencies in turn serve more than 300 cities and numerous unincorporated communities in the six 

counties of  Los Angeles, Orange, Riverside, San Bernardino, San Diego and Ventura (MWD, 2010).  

MWD was established by an act of  the California legislature in 1927 and incorporated in 1928 (ibid). 

MWD’s stated mission is to: “provide its service area with adequate and reliable supplies of  high-

quality water to meet present and future needs in an environmentally and economically responsible 

way” (MWD BRC, 2011: xiv).   In a region with world famous water agencies such as the Los 

Angeles city owned Department of  Water and Power (LADWP), MWD is the major water agency of 

Southern California.  Metropolitan is the largest distributor of  treated drinking water in the United 

States (ibid).  The district imports water from the Colorado River and Northern California—through 

contract with the State’s DWR—to supplement local supplies. MWD’s 2013 annual budget is 

projected to be $1.78 billion (MWD, 2012).  It owns and operates an extensive system of  water 

infrastructure including 16 hydroelectric facilities, nine reservoirs, five water treatment plants—four 

of  which are among the 10 largest plants worldwide— and nearly 1,000 miles of  large diameter 

pipes (ibid).  MWD contracts with thousands of  firms to build, manage, and supply this vast 

infrastructure (ibid). Metropolitan is governed by a 37-member board of  directors representing the 

26 member agencies. The board operates under a weighted voting system, with voting share 

determined by assessed property valuation (MWD, 2010).  MWD’s existence has allowed growth 

throughout the region regardless of  local water conditions. New developments simply have to hook 

up to the MWD system and purchase water imported from the Colorado River or northern 

California. The MWD’s model has been remarkably successful in procuring water and promoting 
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regional growth. Since MWD’s founding, its service area has exploded from 625 square miles to 

approximately 5,100 square miles (ibid). However, it is not without significant challenges. In 

particular, late comers to the MWD cooperative, such as San Diego County Water Authority 

(SDCWA), have grave concerns about their water security, as they are last in line should significant 

shortages ever occur.  San Diego received as much as 95% of  its total water supply from MWD as 

late as the early 1990s (Zetland, 2006). To alleviate this risk SDCWA has recently bypassed MWD to 

purchase water directly from Imperial valley farmers in order to diversify its water supplies.  

However, SDCWA must use MWD’s infrastructure in order to “wheel”, or move, the water, and 

MWD charges for this separately—at a price that SDCWA objects. This has led to several clashes 

between MWD and SDCWA in the past and is a major source of  simmering tension today. In fact, 

in April of  2012, SDCWA filed a lawsuit to stop the MWD from raising its water rates, arguing that 

San Diego is being unfairly penalized by the increase. SDCWA not only claims discrimination, but 

claims it is being conspired against by other agencies (Barringer, 2012).  SDCWA has begun a very 

loud public campaign against MWD. 

 The water economist, David Zetland, wrote his dissertation on the earlier 1995 dispute 

between SDCWA and MWD’s other member agencies.  Zetland points out that MWD’s cooperative 

structure is not conducive to settling disputes among members, since conflicts over policies are 

determined by median votes which are heavily weighed towards early members (Zetland, 2006).  

Zetland argues that MWD’s structure was much more effective in its early history when water was 

abundant and costs were subsidized for most members, but today as the region faces potentially 

declining supply, it is no longer effective as water is growing more expensive and therefore should be 

priced to reflect its true current costs.  Furthermore, Zetland found that despite MWD’s great 

successes in promoting regional growth it has been remarkably inefficient in its allocation of  water 

(Zetland, 2006). MWD charges the same price for delivery anywhere, regardless of  delivery costs.  It 

mixes fixed and variable costs into one price, and sets that price a year ahead of  time without 
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knowledge of  the future water supply conditions. This inevitably leads to some inefficiencies as 

some regions get water for bargain rates compared to the costs of  extracting it, while others pay 

much more dearly.  However, this cooperative structure has also succeeded in promoting regional 

growth, as developers were ensured of  a guaranteed water supply at a stable price regardless of  

conditions. 

 In recent decades, MWD has begun revising its role from strictly procuring additional 

supplies to also helping member agencies develop increased local water resources through water 

conservation, recycling, and water storage. In addition to management expertise, it provides financial 

incentives to its member agencies for local investments in water management projects and programs. 

MWD has also established groundwater banking partnerships and water transfer arrangements in 

order to  secure additional supplies (Interviews, 2011).  Through a partnership with the Bureau of  

Reclamation, the MWD administers an Innovation Conservation Program (ICP).  ICP has annual 

research grants for technologies and innovative management approaches that promote water 

conservation (ibid; MWD, 2012).  Additionally, MWD has several business outreach programs 

designed to educate businesses about contracting and supply opportunities (Interviews, 2011).  

Recently, after recommendations from the Blue Ribbon Committee, MWD has slightly expanded its 

role to include fostering local regional economic development and spur technological innovation 

through the introduction of  a “Managing Your Innovation” program.  The program has several 

goals, to research and promote innovative solutions to water issues, to help innovators 

commercialize their products, and to build regional networks in order to promote knowledge 

spillovers (ibid).  Managing Your Innovation hosts quarterly events, bringing inventors together with 

entrepreneurs, financial experts, and government agencies.  The program is a much smaller version 

of  other successful innovation initiates that have worked elsewhere to promote innovation, such as 

Singapore’s SWA.  However, the tiny scale of  these programs—simply a few annual meetings in the 

78



case of  Managing Your Innovation—demonstrates that local business development is not a major priority of  

local water agencies.  

  My interviews strongly collaborated this finding, despite the laments of  MWD employees 

who were actively working to improve the local business climate. They agreed that it was not a 

primary goal of  the organization. One entrepreneur with a lauded efficiency product who was 

interviewed complained of  the difficulty reaching the right people  They pointed to the sheer 

number of  local agencies and the task of  tracking down the appropriate people to speak with, and 

that many were unwilling to take chances on newer products, or really any chances at all. They also 

noted the dated websites of  MWD and other regional agencies (ibid).  

Regional Water Governance Summary

 There are several additional points one should take away from this brief  discussion of  

California’s water governance. First, water prices are often subsidized. For example, water end-users in 

Southern California often do not pay for the Federal or State agencies that are working to procure 

their water, nor do they regularly pay for the infrastructure that moves the water—although 

maintenance costs and new infrastructure are generally covered.  Even projects where local agencies 

built and financed the initial infrastructure, such as LADWP’s Los Angeles Aqueduct, those capital 

costs were paid long ago, resulting in current prices that are far below replacement costs.  This is a 

major dampener to developing new sources, or new technologies to more efficiently use our current 

supplies.  Next, even with regional cooperative organizations such as MWD and state efforts to 

coordinate diverse entities such as the IRWM program, the incredibly complicated water market 

leads to a multitude of  water pricing regimes. Some water districts have a protected groundwater supply 

that is cheap to pump, and thus, might charge very cheap prices. Others might not have groundwater 

at all, or groundwater which is heavily polluted, and they are under court order to clean the water 

resulting in very high local prices. This results in vastly divergent water prices which makes it 
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difficult for entrepreneurs to make return on investment decisions, and thus, limited potential 

investment in new technology (Interviews; Javier, 2011).  Some local agencies have implemented 

effective tiered pricing regimes that effectively promote conservation and efficiency, while many 

others have not.  Agencies in politically progressive areas tended to be the most advanced in this 

regard (Interviews, 2011). 

 An additional point needs to be made about water agencies in general, and that is that they 

are paid by volume of  water produced.  Therefore, they have little incentive to invest in conservation 

measures, or in new technology which may make them more efficient, since every reduction in water 

use will result in a reduction of  revenue.  During the energy crisis of  the 1970’s, the State of  

California recognized the perverse incentives that these “irony of  conservations” gave energy firms. 

Therefore, the state began the process of  “decoupling” natural gas and energy revenues from 

volume of  sales in order to increase investment in conservation and efficiency (Brownstein, 2009). 

This has widely been credited with spurring California’s renewable energy and clean technology 

industries.  (ibid, Interviews, 2011). 

 Numerous critics, such as Ingram and Fraser (2005), have argued that water agencies are 

intrinsically path dependent on heavy infrastructural solutions at the cost of  ignoring other viable 

solutions. Path dependency refers to the limiting of  options that naturally occur as a result of  

previous decisions.  Today, our water agencies already have invested in water infrastructure and are 

staffed by professional engineers trained to support the infrastructure. They are managed by leaders 

who are both straddled with the long term repayment of  capital costs and under pressure by current 

vested interests in continuing business as usual.  Therefore, it is not surprising that water agency 

leaders are most likely to make new decisions that utilize that infrastructure rather than promote 

innovative solutions.  There is a large volume of  critical literature that chronicles the process of  

institutionalizing the paths that serve to benefit the long term interests of  certain participants. For 

example, the aforementioned Gottlieb and Fitzsimmons (1991) collaboration that pointed to 
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political benefits for land developers.  In practice, this often results in the adoption of  technological 

solutions, usually heavy water infrastructures, over alternatives.  There are also other political factors 

that further promote this as well.  Infrastructure projects generate jobs and please many lobbies, 

they are also physical evidence of  political potency.  

  Another consequence of  privileging engineering solutions has been the emergence of the 

water professional as a detached public service technocrat.  Water policy scholars have found utilities are often 

keenly protective of  their reputation for delivering a safe product (Lach et al, 2005). That is, water 

utilities are conservative institutions who strongly prefer to avoid publicity.  If  one peruses the water 

engineering industry literature, such as American Water Association publications, one finds that a 

strong ethos of  public service pervades the literature.  My interviews with industry professionals 

strongly support these findings.  The employees I spoke with all displayed a strong sense of  public 

service professionalism and were at ease with technocratic language. A conservative cultural 

disposition can lead to a “this is how we’ve always done things” attitude which could further 

reinforce path dependency and away from the experimentation necessary for the development of  

innovations. However, the flip side of  the detached technocrat engineers identity is a strong faith in 

science, and hence willingness to embark on technocratic solutions.  The engineers of  the Orange 

County Water District clearly demonstrate this with their willingness to investigate water reuse 

technologies as a solution to groundwater problems.  Hence, the presence of  a conservative 

technocratic civil service of  water engineers is potentially a plus for the future adoption of  a water 

reuse infrastructural projects.  
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Figure 5. Member agencies of  the Metropolitan Water District (Source: MWD 2010 Plan)

3. Legal Institutions 

 Institutions are the sets of  common habits, routines, practices, rules, or laws that regulate the 

relations between individuals, networks, and organizations (Malebra, 2004: 27).  It is difficult to write 

comprehensively of  institutions as so many of  the rules that underlie our conduct are often 

unwritten or simply established practices or cultural norms that generally go without saying. But the 

most important institutions are the legal institutions, the laws or ordinances that define the agents of 

our society and determine the rules of  our markets.  These laws define the actors—who is a firm, a 

non-profit organization, a special government agency, an inventor—and identify what rights actors 

have and how they can legally interact. Rights are central to the functioning of  our political 
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economy. The Federal and State governments use legal ordinances and tax codes to classify 

organizations according to legal status. A for-profit corporation has different rights and 

responsibilities than firms that are organized as partnerships, S-Corporations, sole proprietorships, 

or nonprofits. Corporations have limited liability, so employees may lose their jobs and shareholders 

may lose their investment, but neither will be liable for the corporation's debts.  Such an 

organization has long been thought to encourage entrepreneurship and risk-taking (e.g. Schumpeter, 

1939).  Nonprofits can file under the Federal tax code’s 501(c) status, granting them tax benefits 

which can allow these organizations to pursue appropriate goals without the additional burden of  

potentially onerous taxes.  However, these rules also restrict some freedom of  action and limit 

political activity (US IRS, 2012).  

 Federal and State governments also arbitrate important legal instruments such as patents or 

financial tools like stocks and bonds.  Our system of  patent protection grants inventors a right to 

exclude others from making, using, selling, offering for sale, or a whole manner of  other activities of 

their patented product or process for twenty years (US PTO, 2012). This gives the patent holder a 

monopoly ensuring they have ample opportunity to profit from their invention.  Financial 

instruments, such as the tax exempt municipal bonds discussed above, are another legal instrument 

that have a profound impact on the working of  our economy.  Generations of  legal philosophers 

have composed libraries debating the theories of  our various legal tools, and I have no interest in 

attempting to wade into such ground here.  Here I will turn briefly to water rights—and particularly 

ground water rights.  These legal instruments have a direct bearing on our study of  Southern 

California’s burgeoning water reuse industry. In fact, they were central to Orange County’s 

groundwater reuse project, and will be critical for the potential growth of  additional projects.   

 Since the adoption of  the 1928 reasonable use use doctrine, California water is protected for 

the use and benefit of  all Californians (Hanak et al, 2011). Water cannot be outright owned by 

individuals, groups, businesses, or governmental agencies. The state issues permits, licenses, and 
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registrations to give individuals or organizations the right to use “reasonable amounts of  water” (CA 

DWR, 2012).  Like our collective legal system, water rights in the United States largely evolved from 

the English Common Law system. However, California has a long tradition of  water litigation which 

has led to a “California Doctrine” that differs significantly from prevailing US norms (Goetlieb, 

1991:47).   The California doctrine recognizes rights as valid if  they are based on one of  three 

factors: riparian rights—ownership of  land near watercourse; appropriative rights—prior use of  water, 

and groundwater rights—title of  water rights underneath land.  English common law traditionally 

valued riparian rights and granted land holders near absolute groundwater rights. Appropriative 

rights privilege early water users over later users and became a common practice as settlers moved 

into arid American west to maintain peace.  They are without basis in traditional English Common 

Law (Goetlieb and Fitzsimmons, 1991:47).  California further broke with the English Common Law 

tradition by finding that groundwater was not solely the property of  a land owner.  Instead, 

California has a complex system based on both the rights of  the landowner and a correlative rights 

tradition.  Correlative rights are similar to riparian rights in that they are based on proximity to water, 

or in the case of  groundwater, physical contiguity. 

 The myriad of  legal rules often leads to complex negotiations to settle water rights.  

Although Statewide there are only 22 adjudicated water basins, meaning that the rights have been 

settled and every individual or organization with a claim can use water but only in a sustainable 

manner, most of  these are in urban areas (Interviews, 2011; Dineen et al, 2009:102).  Adjudication 

can limit the freedom that a managing entity has over groundwater basins, often requiring additional 

negotiations. Sometimes these negotiations turn into difficult court cases (Interviews, 2011).  This is 

even further complicated if  the groundwater basin is polluted, such as Los Angeles’s heavily 

industrialized San Fernando Valley where legal mandates have been handed down requiring that the 

various water rights holders must clean up the basin (Gottleib and Fitzsimmons, 1991; Lauer, 2009).  

Adjudicated basin agreements were primarily designed to control the allocation of  water supply, not 
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replenishment or the removal of  contaminants, so this is still relatively unchartered legal territory 

(Interviews, 2011).  

 Overall, Southern California is rich in groundwater potential, with a total estimated available 

capacity in MWD’s service area of  3.2 million acre-feet. (Beckham et al, 2010), however these 

reserves have been regularly over drafted (ibid; Lauer, 2009; Interviews, 2011). California law allows 

the creation of  special districts to manage or replenish water sources.  Today several districts, most 

notably the Water Replenishment District of  Southern California (WRD), have plans to purchase 

excess MWD water and inject it into groundwater basins (ibid). However, there are complex legal 

issues involved in groundwater replenishment, particularly in adjudicated basins.  WRD’s plan to 

inject 450,000 AF over two wet years when MWD water was plentiful was blocked in 2009 by a 

lawsuit from Central Basin Municipal Water District (CBMWD) and the cities of  Downey, Signal 

Hill, Cerritos, and the Tesoro Oil Company who protested the plan (CBMWD, 2012).  In May 2012, 

the State Supreme court voted in favor of  WRD.  In 2012 water prices have risen, reflecting the drier 

weather of  2011, which will make the groundwater injection plan much more costly.  Additionally, 

untold millions in legal fees have been squandered on such interagency lawsuits over groundwater. 

 Furthermore, attempts by the State to adopt new groundwater regulations have been 

strongly opposed by land owners, particularly agricultural interests and local water districts who are 

fearful that new rules will limit freedom of  water use (Lauer, 2009: 29).  In short, regional 

groundwater management is at best, inefficient, and at worst dysfunctional.  Efforts to introduce 

truly comprehensive water management solutions, such as low impact development ordinances that 

mandate onsite storm water management that promote groundwater replenishment through natural 

processes of  soil percolation are further hindered by additional institutional complexity. Cities 

control planning and land use, yet the state transportation department oversees the roads, while 

various public and private entities control land.  It is very unlikely that California will ever see 
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anything as far reaching as Netherland’s or Singapore’s recent reforms that created single ministries 

responsible for comprehensive water management. 

 The complex legal structure that underlies groundwater rights in California has already had a 

major impact on the water reuse industry, and continues to in three primary ways.  First, the Orange 

County Water District (OCWD) would not exist without being set up to protect the groundwater 

basin, and therefore never would have built Factory 21. Water districts with groundwater basins that 

are over-drafted, under threat of  seawater, or are contaminated have an incentive to use the cheapest 

water that they can to replenish their supplies, therefore they may turn to water reuse as a source.  

Secondly water rights are one of  the largest determinants of  water price, which is the largest 

determent of  private investment in innovative technologies (Aldinger, 2010).  How an individual or a 

utility obtains its water supply is a huge factor in the price it pays for that water.  For example, if  a 

utility has ample high-quality groundwater sources available, its rates will be lower than if  the utility 

needed to purchase or import its water supply (ibid).  Conversely, if  a utility does not have 

groundwater and needs to import its water supply, the cost of  that water will almost always be 

higher.  In Southern California, a water district or company with easily accessible groundwater has 

the freedom to choose its sources; it can purchase imported water from MWD when prices are low 

and pump when prices are high; these districts are unlikely to give up this low cost advantage.  The 

legal complexity over adjudicated ground basin might persuade some districts to turn to water reuse.  

It is fairly clear that OCWD’s groundbreaking GWRS project would not have been undertaken 

without the alignment of  groundwater water rights, storage capabilities, and clear compelling need.  

In my investigation I found that GRWS managers were certain that their complete control of  the 

aquifer was critical to moving forward with the project (Interviews, 2011). Additional lawyers of  

complexity would have added costs and risks which might have imperiled the project (ibid). 
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4. Market Drivers 

 Market demand is the primary motivation behind new products or technologies, and the 

water industry is no different.  If  sufficient demand exists to justify investment, investment will 

often be made.  In a market economy, if  the cost is high then firms will seek out innovations—and it 

is hoped—be rewarded with market share.  Specialized demand conditions often distinguish a 

regional industry and meeting that demand will often impart an advantage to the region. Water is not 

a product that is manufactured, nor is it strictly speaking, a commodity that is dug from the ground, 

but rather it is more a hybrid product that is both a renewable resource in the manner of  agriculture 

that needs to be collected and transported, but also a product that can be derived from a recycling 

process.  Furthermore, the water economy is not truly a market economy, for water is a public good 

that is critical to the functioning of  our region. Water will often be delivered regardless of  costs, and 

benefits greatly from implicit public subsidies. Water delivery is also a natural monopoly as the 

majority of  its costs are infrastructural, the cost of  physically placing pipe to carry water is very high 

and thought to account for up to 80% of  the price of  water (Kwok, 2010; Duque, 1999), which is a 

significant barrier for potential competition.  But like other markets, the primary driver behind 

innovation in the water technology industry is the cost and/or availability of  water. If  supply is 

limited and price is high, then investments will be made in technologies and/or process innovations.

 The four principle factors in the Southern California region are the availability of  

groundwater, weather (precipitation), infrastructural capabilities, and legal constraints (Freeman, 

2008).  The first three are fairly straightforward; rain needs to fall, the water needs to be accessible 

and the infrastructure must exist to collect it, clean, and deliver it.  Legal constraints include 

considerations of  legal water rights—who has claim to the water—as well as government mandates 

such as the Owen’s Valley court decision that limited water withdrawals for environmental causes, or 

the conservation mandates imposed during droughts.  In practice, the diverse circumstances faced by 
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the myriad of  Southern Californian water agencies—regional wholesalers, distributors, local retailers, 

reclamation districts, replenishment districts, and private water companies—results in equally diverse 

pricing schemes making it difficult to identify the true cost of  water in Southern California, and 

hence potential savings from investment in efficiency or technology improvements.     

 Industry analysts have repeatedly cited the lack of  transparency in water pricing, and 

particularly, the hidden subsidies, as impairing potential investment in water technologies (Javier, 

2011; Kwok et. al 2010).  In my case studies, both Singapore and Australia made identifying the true 

cost of  water a central platform in their respective water reforms to both encourage conservation 

and efficient allocation (World Bank, 2006; AWA, 2009).  Few Californians know how much it really 

costs to deliver water.  All Interviewees working in the water industry agreed that California pricing 

schemes were confusing, and nearly all expressed a desire for prices to rise in order to increase 

investment (Interviews, 2011).  One notable exception worked for a public agency that delivered 

water. They agreed that truer pricing regimes would increase investment but also pointed out that 

cheap water was in keeping with their agencies public mission (ibid). Private industry interviewees 

were the most keen in believing that price increases promote technology adaption. Interviewees 

working for environmental organizations were most supportive of  pricing increases for 

conservation. One academic interviewee, however, was cautious about promoting water 

conservation projects purely on a price basis, believing that the financial argument will always be less 

effective than a moral argument centered on values.  All agreed that the recent introduction of  tiered 

pricing regimes, where water is cheap initially but rises rapidly as usage increases, are a positive 

development that will lead to increased efficiency and conservation. 

   

The Search for “New” Sources
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 The 1973 initial completion of  the State Water Project largely signified the end of  the State’s 

major north-south surface infrastructure projects. The 1982, voter rejection of  the peripheral canal 

served to hammer the point home.  The state has been forced to innovate in order to create “new” 

water sources for the growing southern coast.  The most recent California Water Plan projects that 

new sources will make up over 20% of  regional water supply by 2030 (CADWR, 2009). The state 

has five major “new resource” initiatives: water markets, groundwater banking, urban conservation, 

desalination, and recycled wastewater. The first two do not actually create a new source, but rather 

more effectively manage existing sources.  Water markets would encourage trade between users, for 

example cities and farmers might trade water so that each uses only what is necessary.  Today 

California’s water market now accounts for roughly three percent of  the state’s water use, with the 

majority of  trading occurring in the Central Valley, much of  it a result of  the Central Valley Project 

Improvement Act that required the restoration of  the bay delta and introduced some water market 

mechanisms (Hanak, 2002).  Trading markets are perhaps the simplest idea to implement 

technologically, as they often do not require much in the way of  new infrastructure or technologies, 

however markets would likely require major changes to the way our institutions are run.  For 

example, the aforementioned San Diego County Water Authority (SDCWA) water purchase from 

farmers in the Imperial Valley is an example of  this already occurring.  The transfer is the largest 

agricultural to urban transfer in the country’s history (Lusvardi, 2012). The region’s institutional 

framework was designed to deliver water, not to allocate it efficiently (Zetland, 2006).  SDCWA has 

taken to the airwaves in its bitter legal dispute with MWD over both the price it is charged to use 

MWD’s infrastructure for transferring it’s purchased water and the price increase for MWD in 

general, which the significant hurdles that water markets face (Barringer, 2012).  The fact that MWD 

and its member agencies have resorted to producing academic studies that show MWD has 

subsidized San Diego’s consumption for decades further muddies the waters (Lusvardi, 2012).  
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Economists have advocated numerous institutional reforms to promote water markets (e.g. Zetland, 

2006). However, the State legislature has shown little enthusiasm for action. 

 To an objective observer, unfamiliar with the various legal complexities, groundwater 

banking is clearly the most logical idea. In wet years when water is plentiful, it should go back into 

the ground to save for dry years. The exact opposite of  a rainy day fund. Furthermore, aquifer 

depletion is a major concern for the regions, with estimates as high as 60% of  the groundwater 

already being depleted, this despite being nearly a third of  the regions water supply—up to 40% in 

dry years (Beckham et al, 2010).  But, as evidenced by the numerous conflicts and lawsuits over 

groundwater rights and appropriation, groundwater replenishment faces significant legal hurdles. 

Furthermore, it is estimated that potentially up to one third of  regional urban ground water may be 

polluted and cleaning costs are uncertain (EPA, 2010; California Water Plan 2010, White et. al, 

2010). Additionally, as San Diego’s lawsuit shows water pricing concerns and rights to use existing 

infrastructure for transferring water must be sorted out before groundwater banking can become a 

widespread reality.  Organizational and institutional reform will likely be necessary for widespread 

adoption of  ground banking.  Currently California does not monitor groundwater, nor does it have 

the legal authority to, despite its critical importance to the water supply (Lauer, 2009: 29; Interviews, 

2011). Utilizing ground banking most effectively would require changes to our management 

structures to align incentives with rights.  Better functioning water markets with the right to use 

transfer infrastructure would also help by ensuring that the water will make it to the appropriate 

regional aquifers and then harvested as needed for appropriate end use markets. 

 Arguably, conservation has been the most effective “new source” as evidenced by the fact 

that the region uses roughly the same amount of  water today as it did in the early 1990’s (Cooley et 

al, 2010). However, much of  the low hanging fruit in conservation has already occurred.  Water 

wasteful toilets have been replaced. Wasteful water users have been identified and behaviors 

corrected.  Tiered pricing regimes that punish wasteful users have been implemented.  Numerous 
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conservation programs have spread the message about good water practices.  Furthermore, the state 

continues to pass progressive legislation.  Significantly the 2007 20X2020 reduction has called for 

utilities to reduce their water consumption by 20% by 2020 (Interviews, 2011).  Many utilities have 

already met the goal partially through implementing additional conservation and efficiency measures, 

but also due to the prolonged economic downturn (ibid).  Further reduction, however, will require 

technological investments and changes to systems.  Today, the state’s attention is turning to 

landscaping, which accounts for over half  of  residential water use in Southern California. Programs 

such as “Cash for Grass” a program which pays residents to remove lawns and install water efficient 

landscaping (ibid). 

 Desalination, which creates freshwater by removing saline from ocean water is the only real 

“new source” of  the five being pursued. There are approximately 20 desalination plants at various 

stages of  planning in the region, with the Carlsbad plant the furthest in development (Rosenfield, 

2011).  Desalination, however, is inherently controversial. Desalination is very energy intensive, and 

therefore an additional strain to an already burdened electricity grid. An estimated 19.2% of  all 

electricity statewide is already used for moving, treating, or heating of  water (Klein et al, 2005). 

Desalination also has major environmental impacts on the coastal areas where it is located.  Both the 

drawing of  ocean water, and the discharging of  huge volumes of  brackish wastewater that results 

from the process, dramatically affect the surrounding sea life and can even impact the local currents 

(Interviews, 2011). California has several nonprofit organizations actively working against 

desalination plants, most notably the group Desal Response, who is solely dedicated to preventing 

desalination plants (ibid).  It is notable that San Diego is currently considering purchasing water 

supplies from a desalination plant under consideration in neighboring Tijuana, Mexico—which is 

outside the jurisdiction of  U.S. environmental laws (ibid). 

Innovation Drivers 
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 Much of  the innovation that has occurred in the last 30 years has been spurred by a 

combination of  natural and legally-generated water shortages: a prolonged drought, from 1988 to 

1994, and a series of  environmental rulings requiring water use cutbacks (Haynak et al, 2009). 

Among the successes have been dramatic improvements in agricultural and urban water 

conservation. These have been driven by new metering and monitoring requirements, new plumbing 

codes, pricing incentives,  water markets, and regulatory cutbacks—all of  which which have spurred 

technological and managerial innovation (ibid; White et al, 2010).  This trend appears set to 

continue. Recent court decisions protecting the smelt in the Sacramento/San Joaquin Delta mean 

that if  the region suffers another drought, then water for human use will be curtailed to ensure the 

smelt’s survival (Associated Press, 2007). 

Figure 6: Potential Amounts and Projected Costs of  Developing New Water Sources for California.  (Adapted from 
Freeman, 2008; California Water Plan, 2009(1-12); Pacific Institute’s Waste Not Want Not, 2005; MWD, 2012).  Prices are 
the CADWR’s midrange estimate of  development costs. 
*Includes estimated costs to implement comprehensive integrated water management plans such as low impact 
stormwater infrastructure. Costs of  recharge alone would include the cost of  water plus the additional cost of  pumping 
it into the groundwater basin.
†In theory the amount of  new water created by desalination is nearly limitless. In practice, however, it would be very 
difficult for desalination to scale up to such a level, particularly considering the high energy demands and environmental 

92



disturbance. The CADWR estimates that only 350,000 to 500,000 million acre feet annually in additional water would be 
practical.

 In the near future, there are several additional pressures that will likely spur investment in the 

creation of  “new water” sources.  California suffers from a rapidly aging infrastructure, much of  

which was built 50 to 100 years ago (USEPA, 2005).  In a 2005 national study, the EPA estimated 

that over $39 billion in investment is needed statewide by 2020 simply to maintain current 

infrastructure (ibid).  Additionally, state agencies increasingly recognized that an earthquake in the 

Central Valley would disrupt the State Water Project and devastate Southern California’s water 

supply. A disruption would effectively remove one quarter of  the region’s water supply—not to 

mention the harm it would do to Central Valley’s powerful agriculture industry (Interviews, 2011).  

Finally, there is the wildcard promised by climate change.  Many current models predict a drying out 

of  the Sierra Nevada snowpack (ibid).  If  this forecast is even remotely true, then an ever increasing 

share of  water will have to come from “new sources.” All of  these existing conditions and possible 

future scenarios point towards increased water innovation.  When one further considers that the 

legal complications that exist in water markets and groundwater management are unlikely to be 

changed soon, and that the electricity, environmental, and fiscal constraints that exist on 

desalination, then it seems most likely that innovation will likely come fastest in the development of  

efficiency, conservation, and water reuse. 

 Turning to reuse technologies, innovation will likely come in two principle forms. There will 

be small scale distributed—non centralized—technologies such as residential greywater systems or 

small localized water cleaning systems like UCLA Water Center’s smart water systems (Luskin, 2012).  

The second form will be major new infrastructural projects such as Orange County’s GWRS or West 

Basin’s Edward C. Little complex (ELWRF). Culturally our water agency institutions are predisposed 

more towards centralized engineering solutions rather than advocating a cultural shift to 

conservation or multiple distributed reuse solutions.  Public health concerns further promote 
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centralized infrastructure solutions over small scale local solutions where there is more risk of  

potential problems (Interviews, 2011).   California’s legislative priorities, institutional incentives, and 

water agencies are all slowly moving in the direction of  additional water reuse.  A question that this 

thesis presents is: Are these developments occurring fast enough for the local industry to maintain 

its global lead in these fields? Or will Southern California find itself  purchasing goods and services 

from other regions whose water technology innovation systems are functioning more efficiently.  

5. Legitimizing Water Reuse In Southern California 

 “Water reuse,” “water recycling,” and “water reclamation” are terms that often used 

interchangeably and all refer to water that has been subjected to advanced treatment in order to use 

again. In 1995, the California legislature chose to embrace the term water recycling and amended 

regulations and statutes that read ‘reclaimed water’ and ‘water reclamation’ to read ‘recycled water’ 

and ‘water recycling’ (Marks, 2003). It was thought that the public would be more receptive to water 

recycling.  Water reuse in California dates back to at least the eighteenth century when it was 

common for farmers to use wastewater for crop irrigation due to lack of  steady water sources (CA 

DWR, 2004). At the turn of  the century, San Francisco’s Golden Gate park used city sewage water 

for irrigation (CASWRCB, 2012).  As early as 1967, the state legislature directed the state to 

encourage the development of  water reclamation plants (ibid).  In 1974, the legislature passed the 

Water Reuse Law which stated: “The primary interest of  the people of  the state in the conservation 

of  all available water resources requires the maximum reuse of  reclaimed water in the satisfaction of 

requirements for beneficial uses of  water” (ibid). Only one year later, the Orange County Water 

District’s water recycling plant Factory 21 became operational and water recycling became a truly 

viable solution to the states drinking water problem. The Fountain Valley facility, the precursor to 

the GWRS, treated wastewater and injected it into 23 wells along the coast, creating a seawater 

intrusion barrier.  Factory 21 became the world’s preeminent prototype water reuse treatment facility, 
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and arguably ignited the global industry (Interviews, 2011). As the OCWD likes to say, since its 

founding in 1975, Factory 21 has consistently met all State and Federal drinking water standards 

(OCWD, 2011).  

 In 1991, the state further committed its dedication to water reuse through the passage of  the 

Water Recycling Act. There, the Legislature set statewide water recycling goals that a total of  

700,000 acre-feet would be reused per year by 2000 and 1,000,000 acre-feet per year by 2010 (CA 

DWR 2004). Today there are nearly 200 water reuse facilities throughout the state 

(WaterReuseFoundation, 2012).  Over 70% of  reused water is used outdoors, with nearly half  used 

for agriculture, and another 20% for landscaping.  Despite the success of  the Orange County 

GWRS, groundwater replenishment only makes up 14% of  water reuse (CADWR, 2004).  Industry 

makes up another 7%, although both of  these are poised to expand in coming years as new projects 

and planned expansions at The Edward C. Little Water Recycling Facility are completed.  

 Vying with OCWD’s GWRS for the title of  California’s premier water recycling facility, is the 

Edward C. Little Water Recycling Facility (ELWRF).  Built by the West Basin Municipal Water 

District (WBMWD) in 1995, it has been expanded on three occasions and now is capable of  

advanced cleaning technologies, microfiltration, and reverse osmosis (WBMWD, 2012).  WBMWD 

received state and federal funding to design and build the 30 million gallon a day treatment facility in 

the City of  El Segundo, south of  Los Angeles. The ELWRF is the only water recycling facility in the 

world that produces five different types or qualities of  waters to meet the needs of  its customers, 

from basic irrigation water, to ultra-pure high pressure boiler feed water, to purified water that is 

injected into the west coast groundwater injection barrier (ibid). The facility also has a 60,000 square 

foot solar power generating system to offset energy production.  It currently has over 350 industrial 

customers for its recycled water and is once again under expansion.  Like Factory 21 and GWRS, the 

facility conducts basic water treatment and technology research (ibid).  
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Map 2. Major Southern California Water Reuse Projects Currently Planned or Under Construction (Sources: Water 
Reuse Foundation, 2012; Interviews, 2012; GWI, 2010). 

 California’s water recycling regulations are spread out among several legal entities - the 

California Code of  Regulations, the Water Code, and the Health and Safety Code (CADWR, 2012). 

The Federal government’s EPA treats reused water just like water. It has guidelines for water reuse 

with criteria and design considerations but leaves implementation to the the states (EPA, 2012). The 

California water recycling program is the shared responsibility of  the California Department of  

Health Services (DHS), under the direction of  the California Environmental Protection Agency 

(EPA), and State Water Resources Control Board (SWRCB, 2007).   The DHS is responsible for 

establishing criteria that ensures recycled water maintains water quality and protects public health. 

The SWRCB has water allocation and quality protection authority over all States water resources. 
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The DHS works with the SWRCB—and the nine Regional Water Control Boards— in the drafting 

of  permits and management of  contamination (ibid, 2007).  The SWRCB also provides financial 

assistance for both the planning and construction of  water reuse projects.  Some funds are also 

available through the DWR and DHS.  The Water Recycling Facilities Planning Grant Program 

provides up to $75,000 in grants to local agencies for reuse feasibility studies. The Water Recycling 

Construction Program provides low-interest grants and loans for construction and development. 

Since the late-1970s, the program has distributed close to $151 million in planning and construction 

grants and approximately $611 million in low-interest loans for water reuse projects (CADWR, 

2011). 

 As pointed out in the discussion of  California water market drivers, water reuse has become 

a cost effective new source of  water.  In 2005, California’s Recycled Water Task Force found that the 

costs of  reclaimed water, including the annualized capital and operational costs, would range from 

$0 to $2000 per acre-foot, but averaged approximately $600 per acre-foot (CADWR, 2009).  

Operation and maintenance costs alone were also found to vary, with an average projection to be 

$300 per acre-foot.  At the time, this cost was perceived to be very high—MWD water often sold 

for less then $300 an acre-foot (MWD, 2012).  These costs, however, compared favorably with the 

costs of  other options to increase the water supply, such as reservoirs or desalination plants.. 

The Yuck Factor

 Water reuse has always been controversial. Quite simply, people do not like the idea of  

drinking sewage.  One water manager I interviewed privately disclosed their personal distaste for 

reused water—even for landscaping purposes. This person trusted the science completely and 

understood—they simply could not get past the grossness of  the idea.  Psychologists refer to this 

phenomenon as “psychological contagion,” essentially the idea that once two entities touch they are 

forever linked (Spiegel, 2011).  Studies have found that nearly 60% of  people refuse to drink water 
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that has been linked with sewage (ibid).  So it is not surprising that in California, water reuse has 

often met with fierce public resistance—often organized at the grassroots (Marks, 2003).  The most 

famous case occurred in the mid 1990s, the city of  Los Angeles launched a reuse program 

specifically to recharge the groundwater basin with tertiary-treated reused water. It was smeared as a 

“toilet to tap” program. The negative publicity led the city to abandon the groundwater recharge 

plan and instead marketed the water to irrigation and industrial customers (Interviews, 2011; Marks, 

2003; LACSD, 2012).  This hasn’t been all bad for the city though. Today, the year round water in the 

Los Angeles River is actually a result of  plants discharging treated water originally meant for the 

groundwater system. Some activists have claimed that the flowing water has greatly contributed to 

the to the city’s river revitalizations efforts (Interviews, 2011).  It should be noted that the Los 

Angeles County Sanitation Department is still in the reuse businesses and working with various 

partners have launched the Century and the Rio Hondo Water Reclamation Programs (LACSD, 

2012). 

 Lower level socio-economic groups are particularly sensitive to water reuse. In addition to 

the environmental injustices they often endure by virtue of  living in poorer—and often industrial—

areas.  These communities often come with a history of  state or societal sanctioned discrimination 

and may react very strongly to water reuse proposals (Marks, 2003).  Being asked to drink shit is 

simply one indignity too many.  For this reason, many scholars who have looked into the politics of  

water reuse have recommended that educational campaigns target these groups, rather than the 

higher educated business leaders who are likely to be easily converted (Marks, 2003). One could 

speculate that the fact that the Southern California region that has been the most successful in the 

implementation of  water reuse, Orange County, enjoys a reputation as a relatively wealthy suburb of 

Los Angeles may have helped facilitate the development of  water reuse. Although to be fair, today’s 

Orange County has roughly the same ratio of  minorities and is only a little wealthier then the state 

as a whole (US. Census, 2012a). 
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 The best technique psychologists have found to cognitively cleanse the dirty reused water is 

to “cognitively co-mingle the water with nature” (Spiegel, 2011).  Indeed, I found this be true with 

the interviewee that expressed repulsion.  The individual was perfectly fine drinking water derived 

from the Colorado river, despite the fact that it is full of  reused water discharged from numerous 

upstream municipalities.  Today reuse projects that augment water supplies create “indirect potable 

water” that incorporate this psychological technique by piping reused water into lakes or rivers 

where before being drawn again.  For example, Orange County’s GWRS only directly injects half  of  

the water it cleans into the ground, and that is into the saltwater intrusion barrier.  The rest is 

pumped to the Kraemer/Miller recharge basins, essentially large lakes, in Anaheim where it then 

percolates into the groundwater supply naturally, hence co-mingling with nature. (OCWD, 2012).  

This strategy requires more land and infrastructure than simply direct groundwater injection—or for 

that matter, direct potable reuse—and hence results in more expensive projects.  It is not only 

Southern Californians, however, who prefer their reused water to be returned to nature before 

becoming part of  the drinking supply.  Globally, only one major city, Windhoek, Namibia practices 

large scale direct potable reuse (Archibold, 2007).  Windhoek happens to be a very poor city located 

in one of  the driest regions of  Africa far from sufficient water sources. 

Figure 7: Selected California Logos Associated With Water Recycling (California New Blue Water Coalition, Orange 
County Water District, and the Orange County Sanitation Department).  Note the respective themes of  “new”, 
scientifically “advanced” “technology,” and “protecting the environment”.  (Sources: OCWD, 2012: OCSD, 2012; Water 
Reuse Association, 2012).
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Legitimizing Water Reuse

 Another major strategy employed by water reuse advocates is positive marketing campaigns.  

Burned by pervasive “Toilet to Tap”, media campaigns against reused water utilities have worked 

hard to brand reused water as a good, “new” source (Interviews, 2012; Macpherson 2012). Like 

Singapore’s NEW water program, Californian advocates have embraced “new” and “blue” in order 

to enlist support for recycled water as pure, clean and safe technology.  Additionally, campaigns like 

the New Blue Water Coalition promote educational campaigns filled with associations with safety 

and scientifically advanced technologies, and environmental protection themes to further reassure 

the public (Water Reuse Association, 2012).  Some water agencies have even cultivated these themes 

as their personal brand.  See for example the logo of  OCWD and its partner in the GWRS project, 

OCSD in figure 5.  The two organizations have lead an extensive outreach program in order to build 

community support for the GWRS.  They have given over 1500 Presentations to community groups, 

organizations, and clubs and conduct daily tours of  Water Factory 21, GWRS, and the recharge 

facilities, (Macpherson, 2012).  The district also operate an well designed and informative website 

detailing their project and are happy to send informational packets on demand. OCWD has runs a 

water education program designed for children and young adults, H20 University (ibid).  Other local 

agencies such as WBMWD at the Ed C. Little facility, and LADWP at its Hyperion treatment plant 

also offer tours and both are very active in working to educate the public

 OCWD works closely with other water agencies, such as Israel, Singapore, and Australia, in 

order to exchange knowledge and share best practices (ibid).  For example the website lists reuse 

data in both metric and imperial measurement units, as reflects the web traffic it receives from 

interested people around the world.  Water reuse project marketeers throughout the world point to 

the GWRS as a model.  Together,the OCWD team and its global partners are slowly building 
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support for water reuse globally, and consequently building a market for new innovative reuse 

infrastructure and technologies.

6. Case Study: Orange County Groundwater Replenishment System

 Orange County Water District’s Groundwater Replenishment System is one of  the most 

celebrated civil engineering and water reuse projects in the world.  The GWRS has received more 

than 35 local, regional, national, and international awards, including the American Society of  Civil 

Engineers 2009 Outstanding Civil Engineering Achievement Award and the 2008 Stockholm 

International Industry Water Award (OCWD, 2012). The design and construction of  the GWRS was 

jointly-funded by the Orange County Water District (OCWD) and the Orange County Sanitation 

District (OCSD) who together run an extensive ongoing public outreach program.  Notable for a 

drinking water reuse project, the project went forward without any major opposition. Large 

businesses such as Sempra Energy, environmental groups like Surfriders and Coastkeepers, 

community groups such as Kiwanis and Rotary, all voiced support for the project (ibid).  Several key 

minority leaders were also  strong proponents of  the project, most notably Hispanic 

Congresswoman, Loretta Sanchez.  Elected in 1997, Ms. Sanchez has also been instrumental in 

steering federal support—and dollars—towards GWRS. Most recently, she authorized H.R. 383, 

which was included in the 2009 Omnibus spending bill. The bill increased federal support of  the 

project by $6 million (Sanchez, 2012). 

  The GWRS was designed to produce 70 million gallons (215 acre-feet) of  recycled water 

per day, or a total production of  23.5 billion gallons (72,000 acre-feet) per year (ibid).  Today, the 

project is once again under construction and is being expanded to 100 million gallons a day.  OCWD 

and OCSD together secured $92 million in state, federal and local grants to help fund the $481 

million project. In addition, the GWRS also receives a $7.5 million annual subsidy for 12 years from 

the Metropolitan Water District (ibid). OCSD and OCWD also agreed to share the cost to construct 
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the GWRS.  OCWD consented to manage and fund the operations of  the facility into the future. 

The annual operating budget for GWRS is approximately $34 million, which includes electricity, 

chemicals, labor, and maintenance. The replenished water is affordable and even without outside 

funding the cost of  water would still be approximately $800 AF—very close to the 2012 price of  

tier-1 treated water charged by the MWD (Interviews 2012; MWD, 2012).

 Orange County Water District is a special district formed in 1933 to protect Orange 

County’s rights to Santa Ana River water and to manage the large groundwater basin that underlies 

much of  Orange County (OCWD, 2012). OCWD encompasses 229,000 acres (925 km2) in the 

lower watershed of  the Santa Ana River. The Orange County groundwater basin provides water for 

over 2.3 million people. OCWD is governed by a 25-member board of  directors comprised of  

representatives of  local agencies and cities within its 470-square-mile service area (ibid). OCWD 

receives revenue from assessments paid by the groundwater basin pumpers, a percentage of  the local 

property taxes, and from investments. Each day, OCSD treats approximately 220 million gallons of  

water—70% of  which is groundwater (ibid)—with the remainder imported from MWD.  Northern 

and central Orange County receive the majority of  their water supply from large groundwater basin 

managed by the Orange County Water District, while areas to the south are more dependent on 

imported water from Northern California and the Colorado River. The Orange County Sanitation 

District (OCSD) handles the regions sanitation and wastewater disposal.  Historically, most 

wastewater had been secondarily treated to remove containments per CleanWater act guidelines, and 

then disposed through an outfall into the Pacific Ocean (OCSD, 2012).  
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Map 3. Orange County Water District (Source: Tomas Bros Maps)

 In the 1950s, salt water was detected in the groundwater basin as far as five miles inland. 

Thanks to the regions unique geological features, the over drawing of  the groundwater basin 

resulted in saltwater intrusion (OCWD, 2012). The most viable solution was to build injection wells 

to maintain sufficient pressure and keep saltwater from intruding into the freshwater basin. In the 

early 1960s, OCWD and the Los Angeles County Flood Control District together built an injection 

project, the Alamitos Barrier, to stop saltwater intrusion. The project depended on imported MWD 

water as its supply for injection.  Formally quite self-sufficient in supplying itself  water the OCSD 

found itself  potentially looking at needing massive imports from MWD for the foreseeable future.  

The decision was made to investigate treated water for the injection wells.  In 1965 a pilot injection 

project in Huntington Beach was built using treated wastewater for injection. This project was 

judged successful after passing ground quality inspections and in 1972 the health department 

awarded a permit that allowed a larger scale operation (ibid). 
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 A partnership between OCWD and OCSD was formed in order to build, and jointly 

operate, the water treatment facility, Water Factory 21.  Water Factory 21 was completed in 1976. It 

used chemical clarification, air stripping, re-carbonation, filtration, granular activated carbon 

absorption and chlorination to purify OCSD’s sewer water to federal drinking water standards 

before injecting it into a pressurized underground sea water barrier (ibid). At the time, the Factory 

also contained the world’s largest Reverse Osmosis plant.  In 1991, the California Department of  

Health Services (DHS) granted OCWD a permit—the first ever issued—to inject 100 percent 

recycled water. The two agencies have worked closely together ever since and today have 

neighboring headquarters and operate joint facilities which further facilitates interactive learning 

(Interviews, 2012).  

 In the mid-1990s, increased wastewater production due to the growth of  the population and 

economy meant that OCSD was facing the possibility of  having to build a second ocean outfall. The 

cost was projected to be approximately $200 million (ibid). At the same time, increasing pressure on 

the costal barrier meant OCWD would need to expand its Water Factory 21 from 22.6 million 

gallons per day to 35 million gallons per day in order to continue to prevent seawater intrusion. 

Eight new injection wells were also needed in order to increase barrier injection from 15 to 35 

million gallons per day. OCWD and OCSD engineers worked together and presented an alternative 

solution that solved both problems at less cost, while also increasing the potable water supply 

(Interviews, 2012).  The compelling logic of  the solution eventually carried the day and the two 

public agencies collaborated to build GWRS.  Under a joint cooperative agreement, OCSD agreed to 

supply OCWD with 96 million gallons per day of  secondary treated wastewater, without cost, to 

OCWD. OCSD committed to maintaining a stringent source control program to keep contaminants 

out of  the treated wastewater before being supplied to the GWRS (OCWD, 2012). 
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Figure 8. Groundwater Replenishment System Purification Process & Technologies.  Major technologies tested before 
construction have been listed. Technologies ultimately selected for GWRS have been bolded. (Source: OCWD, 2012).  

 When built in 1976, Water Factory 21 was widely lauded for its advanced technology and 

OCWD has been engaged in ongoing research of  water reuse technologies ever since (Interviews, 

2012). In fact, a condition of  the 1991 CDHS permit to inject reused water was that the facility must 

continue to operate a research and demonstration program (OCWD, 2012). Not surprisingly, the 

plant has become a hub of  waste water treatment research.  OCWD has an active R&D department 

that has authored over 20 papers, and received at least one individual patent.  The R&D is partially 

grant funded, and partially covered by OCWD operations costs.  The District has partnered with 

with researchers at the neighboring National Water Research Institute (NWRI), the University of  

California at Los Angeles, the Urban Water Research Institute at University of  California Irvine, the 

Center of  Advanced Materials for the Purification of  Water with Systems (a National Science 

Foundation Science and Technology Center) as well as numerous private researchers. R&D 

Department members serve on numerous advisory panels and also provide consulting information 

to other water agencies, utilities, and regulatory agencies.  They provide ongoing support for all 

operations of  the GWRS (Interviews, 2012; OCWD, 2012).

 Throughout the years, the OCWD R&D department has tested numerous technologies 

including various reverse osmosis techniques, filtration membranes, chemical clarification, 
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recarbonation, granular activated carbon absorption, chlorination, ultraviolet, disinfection, hydrogen 

peroxide, and many more.  OCWD maintains a state of  the art water quality laboratory staffed with 

chemists that are responsible for testing their treated water, but also monitors all 500 wells district-

wide (OCWD, 2012). When it came time build the next most advanced water factory—GWRS—

OCWD was well prepared to continue this tradition and testing of  the most advanced water 

treatment technologies in the world commenced.  Engineering firms, design firms, and water 

technology suppliers were invited to submit proposals. 

 Pilot testing for the facility begin in 1993, a full decade before construction began 

(Interviews, 2012). The Project mangers chose to use membrane processes rather than the physical-

chemical processes that were primarily used by Water Factory 21. Today’s membrane technology is 

much more efficient and cost effective then it was in the 1970‘s The GWRS utilizes advanced 

microfiltration as pre-treatment prior to reverse osmosis and ultraviolet light with hydrogen 

peroxide.  In the final analysis, nine products were considered—three for each technological process

—and contractors were invited to submit their proposals (ibid). All nine of  the final firms have 

operations here in California, but only one, Hydranautics, maintains its headquarters here, and even 

then, Hydranautics is a subsidiary of  Nitto Denko (Hydranautics, 2012).  Most of  these firms were 

at one time local firms, but have since been purchased through various rounds of  acquisitions by 

larger conglomerates. Notably all three of  the final products, US Filter (Microfiltration), 

Hydranautics (Reverse Osmosis), and Trojan (Disinfection), had their headquarters here in Southern 

California when the design of  the project was begun in 1993 (Richardson, 2012; Kherda, 2003).  

After the purification process, the water is so pure that minerals must be placed back into it so that it 

is safe for consumption (Interviews, 2012). 

106



Figure 9: Timeline of  Construction Orange County Ground Water System

 In 2004 Water Factory 21 discontinued production and was demolished in February 2007 to 

make way for the GWRS.  The size and complexity of  the initial 70 Million gallons per day GRWS 

project led it to be built in five phases. The pumping facilities and pipes were built so that the 

infrastructure was in place by the time the expensive project was started.  Six engineering design 

firms were invited and interviewed. These firms were ranked by a series of  measures of  competency 

and then all bids were blindly ranked by cost (Interviews, 2012).  Colorado based MWH Global, was 

rated the highest by interview and won the $15 million construction management contract, while 

Massachusetts based competitor, Camp Dresser & McKee (CDM), along with two local firms, 

Brown & Caldwell and Tetra Tech as partners, were awarded the $5 million initial design contract. 

The three firms eventually received the final $30 million dollar contract as well (ibid).  They also 

used seventeen specialized consultants. Construction finally broke ground in September of  2004.  
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 The total capital cost to build the GWRS was $481 million (U.S. Dollars). Federal, state and 

local funding totaling $92.8 million was secured for the project. Grants included: $37 million from 

the State Water Bond (Proposition 13) which was approved by California voters in 2000, $30 million 

from the California Department of  Water Resources, $20 million from the United States Bureau of  

Reclamation’s Title XVI program, $5 million from the State Water Resources Control Board 

awarded in 2002, $300,000 from the California Energy Commission, and $500,000 from the 

Environmental Protection Agency. OCWD and OCSD covered the remaining $388 million. The 

project was designed and built to easily double supply, and is currently being increased to 100MGD 

per day (OCDW, 2012).  The initial 70MGD GRWS plant was completed in late 2007. In January 

2008, the GWRS received approval from the California Department of  Public Health and the Santa 

Ana Regional Water Quality Control Board to begin injecting its recycled water into the coastal 

seawater intrusion barrier (ibid).  Later in 2008, the project received approval to pipe the other half  

of  its water to two spreading basins, Kraemer and Miller, in Anaheim, where it began seeping 

naturally into the groundwater supplies (ibid). The use of  a natural setting and process provides an 

additional psychological buffer between drinking water and sewage. 

7. Knowledge Creation & Diffusion 

 The most important function of  an innovation system is knowledge creation and diffusion.   

Knowledge can be created anywhere within the actors and networks—government agencies, firms, 

non profits, research institutions even individuals—that make up the innovation system. In the 

previous section we have already seen how the government agency, the Orange County Water 

District, has been at the forefront of  knowledge creation in the water reuse knowledge. The purpose 

of  this section is to highlight a few other representative examples of  water reuse knowledge creation 
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and diffusion among important regional actors. Subsequent sections will also touch upon knowledge 

creation and innovation, most notably, globally dominant water reuse firms in Section 4.7.

 Innovation’s origins are difficult to pinpoint—a principle reason why the study of  

“innovation systems” even arose—and a complete mapping of  innovation in the Southern 

California water economy would be nearly impossible. A common technique utilized by innovation 

systems researchers is to examine patent production (Bergek et al, 2005:10).  California leads the 

nation in patent production—filing 22,202 patents, or nearly 1 in 4 U.S. patents (24.1%) in 2009. The 

next state down the list, Texas, had less than one third as many with 6,184 patents (Grossman, 

2009).  California does particularly well in emerging sectors with strong showings in advanced fields 

like high tech, biotech, and clean tech.  In clean technologies, in which water technology is often 

lumped with, NextTen, a San Francisco nonprofit group dedicated to promoting clean technology 

claims California is by far the dominant region in the country, filing over 910 patents from 

2008-2010 (Next Ten, 2012).  California’s patent dominance in clean technologies is increasing, 

having grown 41 percent over 2005-2007. 

Figure 10. Top Ten States in Water Technology Patents 2009 (Source: Foley & Lardner LLP 2010 Water Technology U.S. 
Patent Landscape Annual Report, 2010).  
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 Most significantly, California also leads the nation in water technology patents filing 79 water 

patents, or 17% of  all U.S. based water technology patents filed in 2009 according to a report 

compiled by the patent firm, Foley & Larner (2010).  California filed nearly double the total amount 

of  the next state down the list, Pennsylvania.  The majority of  Pennsylvania’s patents (24), were 

developed by the multinational corporation Siemens Water Technologies who has extensive facilities 

in California, where presumably some patent related research may have taken place (Siemens, 2012). 

Similarly, the majority of  Minnesota’s patents (seven), the fourth state on the list, were filed by the 

outdoor products manufacturing firm, The Toro Company, whose irrigation division is 

headquartered in Riverside, California and micro-irrigation division is headquarter in El Cajon, CA, 

both in Southern California (The Toro Company, 2012).  

Figure 11. California’s share of  US Water Technology Patents by Category in 2009  (Source: Foley & Lardner LLP 2010 
Water Technology U.S. Patent Landscape Annual Report).

 Foley & Larner’s 2010 report identified a total of  584 water technology patents issued in 

2009.  The firm divided them across the seven categories of  water technology: water purification, 

reclamation and treatment, irrigation, desalinization and/or distillation, metering, conservation, and 

groundwater.  It should be noted that Groundwater was a new category that Foley & Larner added 
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in 2010.  They did so in recognition that groundwater technologies is a rapidly growing field with 

strong growth potential and therefore deserved its own category (ibid).  California does strongly 

across the board, except for perhaps metering and groundwater.  The State’s poor performance in 

metering is somewhat surprising considering the strong technology centers in Silicon Valley and 

Orange County, particularly given the regions defense industry connections.  The absolute numbers, 

however, are too small and one year is too limited to draw any real conclusions. California does have 

several small metering technology start ups—Hydropoint Data Systems, CyberRain, Hadronex, 

Inc.,etc.—so this may be simply be an off  year for the state’s metering innovators (Interviews, 2011).  

The number of  groundwater patents are also too few to draw any conclusions. California clearly 

dominates the subfield of  irrigation.  This is not surprising considering the strong presence of  

dominant irrigation firms in both the San Joaquin Valley and Southern California. Rainbird, Hunter 

Industries, The Toro Company, etc all have major research facilities in the state (ibid). 

 In 2009, 97 patents, or 16.6% were “unassigned”, which indicates that they were individuals 

rather than corporations or governmental institutions. Foley & Larner found that this was a large 

decline from the previous year when more than 30 percent of  patents were granted to individual 

inventors. The authors speculated this was due to the 2008 economic crash negatively affecting 

individual’s research resources beyond corporations (Foley & Larner, 2010:7).  Corporate entities 

also hold the highest shares of  patents in the most technologically sophisticated fields, where 

individuals are not likely to have access to the technology or resources needed for sustain research 

and development.  In water, the two subfields of  desalination and/or distillation, and reclamation 

and treatment, and groundwater have very few individual inventors (ibid). 
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Map 4. Snapshot of  California Water Research Institutions. (Sources: Author’s investigation; Ryan 
Domingo)

Research Institutions

 A cursory investigation identified over 50 research institutions focused on water, or a closely 

related field, based in the state of  California. Some centers, such as UC Santa Barbara’s Bren School 

of  Environmental Management are concerned with the environment more broadly, while others, 

such as the International Center for Water Technology are specifically focused on engineering 

technologies.  In a literature review of  academic studies, Salter and Martin, identified six primary 

benefits to publicly funded research: increasing the stock of  useful knowledge, training graduates, 

creating new scientific instrumentation and methodologies, forming social networks, increasing the 

capacity for scientific and technological problem-solving, and creating new firms (Salter and Martin 

2001; Wolfe, 2011).  In California, there is clear evidence for all six of  these activities.  For the 

purposes of  this investigation, there are four in Southern California—two state funded public 
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institutions and two private nonprofit centers—whose actions are important to the development of  

the water reuse industry: The University of  California at Los Angeles (UCLA),  the University of  

California Irvine (UC Irvine), California Institute of  Technology (CalTech), and the privately funded 

National Water Research Institute (NWRI) in Fountain Valley, CA.  California has a huge water 

industry and several colleges and universities directly and indirectly play roles in the water industry. 

However, these four are representative and they are at the forefront of  the developing water reuse 

industry—each in their own way.  

 CalTech is located in Pasadena, California and is one of  the foremost science and 

engineering universities in the world. Although relatively small with only 2,300 students or so, 

CalTech punches well above its weight (CalTech, 2012). In 2011, CalTech’s faculty was found to have 

the highest citation rate in the world according to QS world university rankings, a very impressive 

feat for any school but made even more impressive by the fact that the majority of  these citations 

occur in the so-called “STEM”, science, technology, engineering, and math fields (ibid).  CalTech 

also receives more invention disclosures per faculty member than any other university in the nation.  

In 2009, CalTech received research funding of  $357 million in 2009.  Today, the Institutes’s ongoing 

funding of  active research is over $343 million according to the National Science Foundation, the 

highest of  any educational institution in the United States (ibid). In short CalTech is a global science 

and engineering powerhouse.  CalTech is also home of  one of  the world’s most highly regarded 

mechanical and civil engineering programs. It has numerous research centers dedicated to sciences 

closely related to water technologies such as chemistry, biology, geology, environmental sciences, etc. 

but also a significant number of  applied sciences that are crucial for to development of  innovation, 

including mechanical engineering, nanotechnology, molecular engineering, etc.  Although this 

investigation doesn’t attempt to explain a possible agglomeration of  civil engineering firms in 

Pasadena, California, it is unlikely an accident that global engineering giants Jacobs engineering and 
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Tetra Tech both have their global headquarters located there. The even larger firm AECOM is based 

in nearby Los Angeles.

 As the dominant research institution in Southern California, UCLA is very influential in 

water issues.  Not only do graduates of  UCLA Law School and the Luskin School of  Public 

Administration go on to have important voices in the the water policy debate, but the school also 

has several water specific centers, such as The Institute of  the Environment, the Water Technology 

Research Center, and the Luskin Center of  Innovation that are actively involved in the creation of  a 

water reuse technology cluster.  In 2007, the philanthropist couple, Renee and Meyer Luskin, made a 

generous donation to UCLA’s school of  public affairs in order to found the Luskin center of  

Innovation. The Luskin Center’s mission is to bring “elected officials, non-profit, community, and 

business leaders” to “address the problem of  environmental sustainability in Los Angeles through a 

mixture of  scholarship, research and community engagement” (Luskin, 2012).  The center works 

closely with the UCLA Water Technology Research Center (ibid).  In addition to promoting 

scholarship, the Luskin Center has begun to publish a series of  policy documents promoting 

technologically savvy water policy (ibid).  On January 27, 2011 the center hosted a regional water 

conference looking at new sources for Southern California.  This conference brought national 

experts and regional leaders together where the main thrust of  the discussion was water reuse 

(Interviews, 2012).  

 A good example of  the water reuse work from the UCLA is Luskin Center affiliated, Yoram 

Cohen. He has led the Water Technology Research Center, focusing primarily on technologies 

needed for new sources of  water, principally greywater, desalination, and water reuse/recycling.  The 

center has pioneered advances in reverse osmosis techniques, filter membranes, chemical treatment 

processes (ibid).  Additionally, the center has engineered and built multiple prototypes to 

demonstrate the viability of  this research.  Most notably, Dr. Cohen and his team have designed and 

built Com2RO, a portable working reverse osmosis prototype that achieves very high rates of  
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significantly less energy use, and thus cost, than anything currently existing.  The development grant 

for the program came from the U.S. Navy, which desired a cost effective and portable system 

(Hewitt, 2011).  Com2RO offers a potentially cost effective distributed water treatment system.  

Such a development could potentially remove the prohibitive costs of  water treatment centralization 

(ibid).  The laying of  pipes is the most expensive component of  water delivery systems—up to 80 

percent of  the cost (Duque, 1999). A cost effective distributed decentralized system could 

potentially reduce the costs of  clean water dramatically. Dr. Cohen has also written extensively on 

the policy barriers to water reuse technologies (Luskin, 2012). 

 Perhaps the most interesting institution in the region is the privately founded National Water 

Research Institute (NWRI) located near the Orange County’s GWRS in Fountain Valley.  NWRI was 

established by the Joan Irvine Smith and Athalie R. Clarke Foundation in 1991 (NWRI, 2012).  

Today NWRI's funding comes from a mix of  public and private sources. NWRI’s mission is twofold: 

to create new sources of  water through research and technology and protect the freshwater and 

marine environments.  Interestingly, the NWRI is governed by six Southern Californian water and 

wastewater agencies, including the most progressive agencies LADWP, OCSD, OCWD, WBMWD. 

The center seeks to cooperate with public and private water researchers from throughout the world.  

Since its founding, the NWRI has held numerous regional, national, and international water 

conferences and symposiums, published countless papers and reports and received several patents 

for water technologies. NWRI sponsors the International Athalie Richardson Irvine Clarke Prize, an 

annual award of  $50,000 given to “outstanding individuals who have implemented better water 

science research and technology” (NWRI, 2012). The center has spawned two smaller research 

centers, the National Centers for Separation and the National Center for Thermal Systems Research, 

as well as the management-focused Center for Excellence in Utility Leadership (NWRI, 2012).  Like 

the Orange County Water Factory 21, the Fountain Valley center is a fountainhead of  water reuse 

research, and a critical loci of  the regional water reuse industry. 
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 In a case of  the public institutions following the lead of  the private sector, UC Irvine 

established the Urban Water Research Center in 2001 (URWC), in order “to promote excellence in 

urban water research, education and outreach” (URWC, 2012).  The UWRC serves to help build the 

regional water technology cluster by complementing NWRI and the strong local water utilities 

technological expertise with the expertise of  the UC Irvine faculty in both hard and social sciences 

that are central to effective urban water management. The center claims that “over 80 faculty 

members from multiple departments pursue research that addresses water supply; global climate 

change impacts on water resources and water quality planning; ecosystem health and especially 

wetlands; water demand using economic tools; wastewater treatment and reuse; and institutional, 

legal, and public policy issues related to urban water management” (URWC, 2012).  It is interesting 

that the school does not list water business among the areas of  research.  Unfortunately, I was not 

able to contact the center to find out if  it ever planned to expand its offerings and develop specific 

water business or law programs.  This is a strategy that other water clusters, such as Milwaukee, 

Wisconsin have employed (MWC, 2012). 

  

Firms

 Many innovation studies have found that research expenditures made by private companies 

often have a larger impact than university expenditures do (Audrestch and Feldman, 2004: 2720).  

There is an ongoing and lively economic debate examining the question of  whether large firms or 

small firms are more likely to generate and commercialize innovation (Audretsch and Feldman, 2004: 

Mandel, 2011). Innovation scholars believe that having a heterogeneity of  firms—an ecosystem 

comprised of  several sized firms—are more likely to lead to innovation (Maleba, 2004: 27).   In 

California’s water industry, one can clearly find innovative firms of  all sizes. For example, the large 
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privately held landscaping and irrigation firm, Rain Bird, has been awarded more than 130 patents 

and today has over 4,000 products. Rainbird’s first patent was for the original horizontal action 

impact drive sprinkler in 1935 which revolutionized irrigation, particularly in food products 

(Rainbird, 2012).  Rainbird continues to invest heavily in water delivery systems. In 2009, the 

corporation filed 15 irrigation patents, or nearly 1/3 of  all irrigation patents filed nationally (Foley, 

2011).  If, as some analysts expect, a domestic grey water industry grows, we can expect Rainbird to 

be at the forefront in creating new greywater irrigation technologies.  So far, however, this has not 

been a focus of  their research and development (Interviews, 2011).    

 California also has a very healthy ecosystem with established small and midsize firms, as well 

as numerous start-up firms.  For evidence on the impact these firms are having, I looked at The 

Artemis Project, a nonprofit organization dedicated to disruptive water solutions.  The nonprofit 

sponsors the global Top 50 Water Companies Competition in order to identify potentially game-

changing technologies that provide venture grade investment opportunities in the water sector (The 

Artemis Project, 2012).  Table 7 below shows the 11 Californian firms that were identified in 2011. 

California had the most of  any region in the world—although the state was closely followed by 

Israel with 9 firms listed.  

The Artemis Project Top 50 Competition Water Technologies (California Firms)

Firm 

The Artemis Project Top 50 Competition Water Technologies (California Firms)The Artemis Project Top 50 Competition Water Technologies (California Firms)

Technology Purpose

OndaVia, Inc.

NanoH2O 

Marrone Bio 
Innovations, Inc. 

M2 Renewables

HydroPoint Data 
Systems, Inc.

Hadronex, Inc.

Falcon Waterfree 
Technologies

Microfluidics and 
nanomaterials To measure and detect multiple contaminants in a single step

Reverse osmosis Focuses on the synthesis of  new membrane materials for desalination and water 
reuse

Biopesticides Flexibility of  minimum application restrictions, superior residue and resistance 
management potential, and human and environmental safety benefits

Filtration system

Wastewater treatment: the removal of  fresh solids with the M2R MicroScreen 
technology; treatment of  the remaining suspended solids and dissolved organics 
with the M2R Modular Filtration system, comprised of  CBUM filters placed in 
series

 WeatherTRAK® satellite-
based irrigation solutions

Save property owners money, time and water while they enhance property values 
and protect the environment

SmartCover® monitoring and alarm system for water 

Waterfree urinals
The design of  the urinal bowl and use of  nonporous materials ensure that all 
urine passes into the cartridge, which provides odor-free operation and easy 
maintenance
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The Artemis Project Top 50 Competition Water Technologies (California Firms)

Firm 

The Artemis Project Top 50 Competition Water Technologies (California Firms)The Artemis Project Top 50 Competition Water Technologies (California Firms)

Technology Purpose

Derceto, Inc.

APTwater, Inc.

American Micro 
Detection Systems 

PAX Water 
Technologies Inc.

Aquadapt®

Reads live field data to instantly create most effective pump valve and water 
treatment plan schedules, adapting in real time to changes in demand, energy 
pricing and unforeseen events in network – ensuring  water is delivered where it is 
needed at min cost and max quality

HiPOx® and PulseOx®; 
ARoNite™

HiPOx® and PulseOx® process technologies are based on Advanced Oxidation 
Process (AOP) chemistry- produces the hydroxyl radical (OH·), the most 
powerful oxidant available for water treatment; ARoNite™ process is a hydrogen-
based biological treatment system for removal of  nitrates and other oxidized 
contaminants from agriculturally impaired drinking water supplies

REX Dissolved Metal 
Analysis Instrument

Monitors dissolved heavy metals in real-time to low parts per billion, at the point 
of  interest, unattended and in-process

Tank Mixer Technology Maintains highest drinking water quality in storage tanks

Table 4: Californian firms identified by The Artemis Project for innovative—and potentially disruptive—water technologies 
in 2011 (Source: The Artemis Project Top 50, 2012)

7. Actors and Network: Firms 

 In a functioning market economy, firms will comprise the majority of  employment and are 

critical to the diffusion of  innovations.  Innovation scholars have identified having a heterogeneity 

of  firms as an important requirement for successful innovation systems (Porter, 1990; Malabra, 

2004:25).  Heterogeneity breeds a diverse set of  beliefs, competencies, behavior, and organizational 

structures leads to more entrepreneurial experimentation, and hence, is more likely to lead to 

innovation (Jacobs, 1969; Malerba, 2004; Porter, 1998). Southern California has an incredibly rich 

ecosystem of  water related organizations. These firms cover a vast diversity of  industries and 

services. In addition to the thousands of  public agencies, the region supports legions of  contractors 

and supply manufacturers that serve those agencies as well as export markets.  Notably, four of  the 

world’s ten largest engineering firms are headquartered in California, and nearly every one of  the top 

ten has some presence in California (ISBS report, 2011) Additionally, the region has several major 

manufacturers who produce water products for export, including Rainbird whose headquarters are 

in Azula, California (Rainbird, 2012). 
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Map 5: Los Angeles regional members of  the American Water Works Association (Sources: AWWA; Ryan Domingo). It 
should be noted that this list is comprised of  heterogeneous firms—water companies, contracting firms, manufacturers, 
and consultants.  Note the relative lack of  agglomeration with only very minor hints of  industry clusters around major 
city centers (e.g. downtown Los Angeles, Anaheim, Pasadena, etc). 

The Water Industry 

 The Environmental Business Journal estimates that the national water and wastewater 

“sector” grossed approximately 136 billion in 2011. The journal defines the water industry as being 

made up of  the following components: wastewater treatment works, water utilities, water equipment 

and chemicals, services, consulting and engineering, instruments, and analytical services (EBJ, 2011). 

This would include such diverse work such as pipe repairs and maintenance, corrosion control of  

water infrastructure, chemical treatment and removal of  biosolids from contaminated water, 

stormwater management, operation and management of  water-related facilities, and automated, 

computer control technology.  A 2011 study conducted by the Los Angeles County Economic 

Roundtable (LACER) found that Los Angeles County’s water sector was comprised of  17,076 

business establishments and employed over 200,000 workers with an annual payroll of  nearly $20 

billion (Burns and Fleming, 2011).  The LACER study used a two-tiered framework to investigate 
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total employment, with tier one industries being directly related to water industry, and tier two being 

industries that are impacted by water, such as landscaping, architects, or wholesale chemicals. 

 

Figure 12. Los Angeles MSA Employment Locational Quotient in Water Related Industries (Source: US Bureau of  
Labor Statistics Quarterly Census of  Employment and Wages, 2010).  See Appendix B for a detailed explanation of  each 
NACIS Code. 
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 To understand an industry’s regional intensity, economic geographers often use locational 

quotients of  sectoral employment. Various government agencies compile economic data and use the 

North American Industry Classification System (NAICS) to classify business establishments 

according to sector, or type of  economic activity. An industry locational quotient compares the 

number of  people employed in an industry in a region with the national employment average.  A 

location quotient of  “one” will mean that a region has exactly the same number of  people as the 

nation as a whole. A high location quotient means that the region has many more people employed 

than the national average.  For example, Hollywood is Southern California’s most famous industry 

cluster as the nations employment in the motion picture and video production industry—NAICS 

code 51211—generates a location quotient of  a 12.8, meaning that the region has 12.8 times the 

national average for employment in the industry (US BLS, 2010). In 2010 nationally, there were 

197,627 employed in the motion picture and video production center. The Los Angeles MSA alone 

had 101,439 employed in the local MSA (ibid). An MSA is a Metropolitan Statistical Area, which is 

in this case spans from Santa Ana to Los Angeles.  In comparison to motion pictures, the highest 

concentration in water related fields is 2.5 in electronics manufacturing, and plastics materials 

wholesaling respectively.  Neither of  those are very central to the water industry, although 

electronics manufacturing does include control instruments used in the water industry (Appendix B 

details all NACIS codes examined in this report). Even the next highest, fluid power and hose 

fitting, is only tangentially related to water as most manufactured parts are used in motor assembly.  

The region does, however, have a very strong presence in sewage treatment facilities, and plastics 

product manufacturing, which are both important to water technologies.  

 My investigation of  the Los Angeles CSA excludes the San Diego Region, where presumably 

the industry is just as strong, if  not stronger.  For example, an estimated 3,000 people work for 

companies in the San Diego area supplying equipment or logistical support just for desalination 
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plants alone (Rosenfield, 2011). The San Diego desalination industry earns an estimated $350 million 

in annual revenues (ibid). 

Water Reuse & Recycling Industry

 The global water reuse industry really took off  around the year 2000, with global capacity 

nearly quadrupling by the year 2010.  The industry analyst group, Global Water Intelligence, 

forecasts that reuse capacity will double again by 2016 and grow nearly 20% annually (GWI, 2010).  

Globally, half  of  all reused water is used for outdoor purposes: agriculture (32%), landscaping 

(20%), and environmental restoration (8.0%). Industry follows with 20% of  reused water, followed 

by various non potable uses (15%). Less than 3% is used for drinking water (ibid).  In sheer volume, 

the United States is the global leader, reusing 14% of  its wastewater. Followed by China who also 

reuses roughly 14%, but only half  the quantity. However in percentage of  use, Kuwait and Israel 

dwarf  the world, reusing 91% and 85% respectively. They are followed by Singapore (35%), Egypt 

(32%), Australia (15%) (ibid).

 Like the water industry itself, the water reuse industry is a difficult one to narrowly define. 

Obviously, the industry has a very close overlap with the wastewater treatment industry. In addition 

to the water and wastewater utilities, there are the various service providers (engineering firms, 

contractors, specialty consultants) and the miscellaneous material suppliers (e.g. pipe, pump and 

valve manufacturers, etc.), and also the speciality suppliers of  specific physical and biological 

wastewater treatment equipment.  In today’s world where many utilities are often privately run, there 

are also firms that operate the treatment plants, such as Berlinwasser International, CH2M Hill 

OMI, Metito, Suez Environment, United Utilities and Veolia Water.  In this investigation of  the 

innovation systems I have chosen to focus on the engineering firms involved in the building 

wastewater treatment complexes and the specific manufactures and suppliers of  the advanced 
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wastewater treatment systems necessary for urban water reuse.  For it is these firms that are at the 

forefront of  water reuse innovation.  

Figure 13. Stages in the Water Reuse Treatment Process 

  There are multiple technologies involved in the entire water treatment process.  Here I wish 

to discuss the most important ones which take place in the advanced processes of  the tertiary and 

quaternary treatment stages which are necessary for water reuse. These are the heart of  the water 

purification process and the firms which manufacture these materials will be global winners as the 

industry grows. In order to identify these firms, I have loosely classified them under the following 

three categories: advanced membrane manufacturers, advanced disinfection manufacturers, and 

advanced wastewater supply firms (EBJ, 2011; GWI, 2010).   

 The major technologies involved in advanced membranes are Microfiltration, Reverse 

Osmosis, Nanofiltration, and Ultrafiltration.  Microfiltration is a separation process that uses 

polypropylene hollow fibers—essentially tiny straws—to filter the water.  Reverse Osmosis 

membranes are made of  semi-permeable plastic polymer and water is forced through under high 

pressure. Nanofiltiration is similar in that it relies on osmosis but uses even smaller filters than 

microfiltration. Electrodialysis is an electrically-driven technique that can be used at the tertiary stage  

and is often employed in desalination plants.  Disinfection tools, such as high-intensity ultraviolet 

(UV) light, and chemical methods, like hydrogen peroxide, disinfect and destroy any trace organic 

compounds that may have passed through the reverse osmosis membranes.  Engineers who may 

read this report will likely be disappointed at these gross simplifications, and omissions of  other 
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important technologies relevant to the water reuse process.  They might also note that there are 

many more exciting emerging technologies currently being researched at labs throughout the world.  

It is highly likely that some of  these emerging technologies will revolutionize the industry, but I am 

interested in the odds that those technologies might be developed here in California. The following 

table identifies the leading global water reuse technology manufacturers and suppliers. 

Dominant Water Reuse Technology Manufacturers and SuppliersDominant Water Reuse Technology Manufacturers and SuppliersDominant Water Reuse Technology Manufacturers and SuppliersDominant Water Reuse Technology Manufacturers and Suppliers

Headquarters California Offices GWRS

Membrane Suppliers                                                                   

Asahi

Dow Water Solutions

GE Zenon

Hyflux

Koch Membrane

Kubota

Norit X-Flow

Pall

Toray

Siemens (US Fliter)

Woogjin

Advanced Disinfection Suppliers

Atlantium

Aquionics

Hydranautics

BWT

Degremont Ozonia (Suez)

Fuji Electic 

Xylem (ITT Wedeco)

Mitsubishi Electric Power

MIOX

ProMinent

Severn Trent Services

Siemens Water Technologies

Trajan UltraViolet

Advanced Wastewater Treatment Equipment & Material Suppliers
Acciona

Acwa Services

Aqualia

Befesa

Biwater

Degremont (Suez)

GE Water Solutions

Hyflux

Keppel Seghers

Siemens Water Technologies

Membrane Suppliers                                                                   

Tokyo, Japan

Edina, MN Pittsburg & Torrence, CA 

Oakville, Ontario (Canada) (Parent GE has multiple offices) X

Singapore

Wilmington, MA San Diego, CA  X

Tokyo, Japan Torrence, CA (Parent) 

Enschede, Netherlands

Port Washington, NY Covina & San Diego, CA X

Tokyo, Japan Poway, CA

Warrendale, PA Vernon, Signal Hill, San Diego, etc. X

Gunwi-gun, South Korea Los Angeles, CA (Parent offices) 

Advanced Disinfection Suppliers

Tel Aviv, Israel

Erlanger, KY X

Oceanside, California Oceanside, California X

Mondsee, Austria 

Rueil-Malmaison, France

Fremont, CA Fremont, CA

White Plains, N.Y Poway, Fresno, San Diego, Carson, Mira Lomar X

Warrendale, PA El Monte, CA

Albuquerque, NM

Heidelberg, Germany 

Birmingham, UK Torrance, CA

Warrendale, PA Vernon, Signal Hill, San Diego, etc. X

London, Ontario (Canada) Valencia, Ca (Aquafine Corporation) X

Advanced Wastewater Treatment Equipment & Material SuppliersAdvanced Wastewater Treatment Equipment & Material Suppliers
Madrid, Spain Solana Beach, CA (Parent)

North Yorkshire, UK Bakersfield, CA

Madrid, Spain

Seville, Spain Carlsbad, CA (partnership)

Surrey, UK Pasadena, CA

Rueil-Malmaison, France

Trevose, PA (Parent GE has multiple offices) X

Singapore

Singapore

Warrendale, PA Vernon, Signal Hill, San Diego, etc. X
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Dominant Water Reuse Technology Manufacturers and SuppliersDominant Water Reuse Technology Manufacturers and SuppliersDominant Water Reuse Technology Manufacturers and SuppliersDominant Water Reuse Technology Manufacturers and Suppliers

Headquarters California Offices GWRS

Veolia Water Solutions

Wabag

Paris, France Brea, CA

Vienna, Austria 

Table 5: Dominant Global Manufacturers and Suppliers of  Water Reuse Technologies (Adapted from Environmental 
Business Journal, 2011, Global Water Intelligence 2010, Hoover’s Inc., 2012, Firm Websites). Firms with major 
operations in California have been highlighted. Additionally firms involved with the Orange County Groundwater 
Replenishment System have also been noted (OCWD, 2012b). 

 As one might expect in a highly urbanized dry region with large endowments of  physical and 

human capital, Southern California has a fairly vibrant water technology industry.  Over half  of  the 

30 leading reuse technology suppliers, have a direct local presence in the state and many more have 

formed partnerships with local firms or distributors. Industry analysts have estimated that there are 

over 3,000 people working in the southern California region that supply or support water reuse or 

desalination equipment. The industry brings in over $350 million in annual revenues (Rosenfield, 

2012). At least six of  the major firms—Siemens Water Technologies (US Filter), Trajan Ultraviolet 

(US Peroxide), Hydronautics, and Xylem, Pall Corporation, and Koch Membranes—have facilities 

within the state.  Interestingly though, Hydronautics, is the only major firm with headquarters in the 

state, located in Oceanside.  Advanced disinfection technology leader, Trajan Technologies, also 

operates the local Aquafine Corporation.  Trojan purchased local US Peroxide, LLC of  Laguna 

Niguel, California in 2003 (Kherda, 2003).  The ITT corporation spinoff, Xylem—named for the 

plant tissue water transport system—specializes in fluid technologies and also operates multiple 

facilities in Southern California.  

 Most notably, the global behemoth Siemens Water Technologies was actually a local firm 

until relatively recently. The company that became US Filter was founded in El Monte, California in 

1953 (Richardson, 2009).  US Filter was one of  the first major water industry conglomerates, 

acquiring over 60 companies before being purchased by French giant Vivendi. In 1997, US Filter 

became the United States' first billion-dollar firm specialized in water and wastewater treatment 
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systems (IDCH, 1998).  At the time, Fortune magazine ranked USF among the 100 fastest-growing 

companies in the world, with compound annual revenue growth of  66% between 1991-96. 

In turn, it was sold to Siemens in 2004 (ibid).  The headquarters was then moved to Pennsylvania.  

The company still has major operations in California, but it is noteworthy that the firm’s major new 

global water research and development facility is being developed in Singapore, rather than 

California (Siemens, 2011).  

 Many of  the largest global technology conglomerates—including Siemens Water 

Technologies, but also GE Water, Veolia, and most obviously the new $3.2 Billion water focused 

firm Xylem, have made water reuse central to their business future. The name Xylem literally means 

the part of  the plant that draws water from the ground. Some analysts speculate that trusted global 

brands like GE or Siemens will reassure the public that water reuse is a safe technology (GWI, 

2010).  These firms will also likely lower the cost of  water reuse technologies which will further 

accelerate the growth of  the market.  Several engineering firms, notably CDM and MWH Global, 

have also focused their operations on becoming the market niche leaders. Both firms were involved 

in the construction of  GWRS.  
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Figure 14. Firms awarded the most US patents in water technology in 2009 (Source: Foley & Lardner LLP 2010 Water 
Technology U.S. Patent Landscape Annual Report). In total 584 patents were awarded, the vast majority (over 90%) were single 
patents that were awarded to entities (organizations or individual inventors). Very few firms had more then 2 patents 
awarded, and all legal entities with 3 or more patents awarded are listed above.

Engineering Services Firms

 Two major components of  the water industry are the engineering firms that serve as 

consultants and the contractors who build and service the infrastructure.  The global engineering 

services industry is one of  the largest professional service industries, generating a revenue of  $492 

billion in 2011 (ISBS, 2011). The industry employs 2.8 million people and comprises 500,000 

establishments. Engineering projects run the gamut of  heavy infrastructure projects to individual 

commercial buildings.  Globally, the market is divided among projects in the following categories: 

industrial (7.6%), manufacturing (0.8%), buildings (15.4%), telecom (0.6%), water (5.4%), sewer/

waste (3.6%), transportation (18.6%), hazardous waste (3.4%), power (9.4%), petroleum (31.3%), 
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and other (3.1%) (Reina and Tulacz, 2011).  The international market is highly fragmented with 

many speciality contractor/consultants in addition to large numbers of  local firms.  Most large 

service firms rely on armies of  local subcontractors to actually do most of  the construction 

(Interviews, 2011). There are a relatively small number of  global leading firms which tend to 

dominate the large, or particularly complicated infrastructure projects, such as England’s Chunnel, or 

Boston’s Big Dig.  These market leading firms—and their employment base—tend to be 

concentrated in North America and Europe. However, with the rapid rise of  the rest of  the world, 

one can expect to see a growing diversity with more competition coming from abroad. Indeed, local 

firms in East Asia, the Middle East, and Latin America are already taking the largest share of  their 

domestic projects, and are beginning to compete for projects in the US and Europe as well.  

Top 10 Global Engineering Services FirmsTop 10 Global Engineering Services FirmsTop 10 Global Engineering Services FirmsTop 10 Global Engineering Services FirmsTop 10 Global Engineering Services Firms
Firm 2009 Gross Revenue Global Market 

Share*
Global 

Employees
Headquarters

Bechtel Group, Inc. $27.9 Billion 1.5% 52,700 San Francisco, CA
URS Corporation $9.2Billion 1.5% 47,000 San Francisco, CA

SNC-Lavalin Group Inc. $6.3 Billion 1.5% 23,923 Montreal, Quebec
Fluor Corporation $20.8 Billion 1.4% 37,000 Irving, Texas†

Jacobs Engineering Group Inc. $9.9 Billion 1.4% 38,500 Pasadena, CA
AECOM Technology Corporation $6.5 Billion 1.1% 52,000 Los Angeles, CA

CH2M HILL Companies, Ltd. $6.3 Billion 1.0% 18,995 Denver, CO
WS Atkins plc $2.2 Billion 0.5% 16,662 London, U.K.

Altran Technologies $2.1 Billion 0.4% 17,000 Paris, France
Other 89.7%

Table 6. Top Ten Global Engineering Firms (Source: IBIS World, 2012). *market share of  total projects; † Founded in 
California

 California in particular, has a very high concentration of  engineering firms.  It would be an 

interesting scholarly investigation to document the creation agglomeration.  It likely reflects the 

region’s early strength in major construction projects in mining, water, and petroleum industries.  

And of  course, the region was an early home to major transportation networks such as railroads, 

ports, and the world famous freeway networks.  The explosion of  the defense industry in California 

coincided with the rise of  the US global military domination—and California firms accompanied the 

military abroad to build major infrastructure projects. Of  the five American firms that dominate the 
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list, all have a strong history in California.  For example, CH2M Hill became famous for its work on 

a Lake Tahoe wastewater project (CH2M Hill, 2012), and Fluor Corporation was founded in 

California before moving to Texas along with the oil industry (IBIS, 2012). Interesting, neither of  

California’s largest global firms, Bechtel or URS Corporation are strong in water infrastructure 

projects, with Bechtel claiming zero revenue from either water supply or wastewater projects, and 

URS claiming less than $90 million in water related revenue—a far cry from the firm that made its 

name building the Hoover Dam (Reina and Tulacz, 2011; IBIS 2012).    

 When looking at the largest water supply and infrastructure firms in the world, one may find 

that California continues to play a huge role. Seven of  the top ten firms in water infrastructure have 

a presence in California, and nine of  the largest wastewater infrastructure firms have offices in the 

state. In fact, the two largest wastewater firms, Los Angeles-based AECOM and Colorado’s MWH 

Global, have major offices in the state.  MWH Global is a firm that has dedicated itself  to the water 

infrastructure industry, with water and wastewater projects making up 43% and 41% of  all revenue, 

respectively—over 80% of  all firm work.  This is very notable as MWH Global has a major water 

testing laboratory facility, MWH Laboratories, based in Monrovia in Southern California.  The 

facility employs over 100 people and is the largest potable and recycled water focused laboratory in 

the country (MWH, 2012). 

Top 10 Global Engineering Services Design Firms in Water Supply  Projects (2011)Top 10 Global Engineering Services Design Firms in Water Supply  Projects (2011)Top 10 Global Engineering Services Design Firms in Water Supply  Projects (2011)Top 10 Global Engineering Services Design Firms in Water Supply  Projects (2011)Top 10 Global Engineering Services Design Firms in Water Supply  Projects (2011)Top 10 Global Engineering Services Design Firms in Water Supply  Projects (2011)

Firm Rank in 
2010

2010 Revenues  
(Water  Supply)

Share of  Total 
Revenues

California 
Offices

Headquarters

 Arcadis NV 2 $382 Million 18% X Amsterdam, ND
Grontmij NV 8 $234 Million 23% Utrect, ND
MWH Global 3 $206 Million 43% X Denver, CO

AECOM Technology Corp. 1 $212 Million 8% X Los Angeles, CA
SNC-Lavalin Group Inc. 4 $134 Million 8% Montreal, Quebec 

Mott MacDonald Group Ltd. 5 $112 Million 11% X London, U.K.
Balfour Beatty - $88 Million 6% London, U.K.

Stantec Inc. 7 $61 Million 13% X Edmonton, AB
Louis Berger Group 9 $69 Million 10% X Morristown, NJ

Tetra Tech Inc. - $70 Million 25% X Pasadena, CA

Top 10 Global Engineering Services Design Firms in Wastewater Projects (2011)Top 10 Global Engineering Services Design Firms in Wastewater Projects (2011)Top 10 Global Engineering Services Design Firms in Wastewater Projects (2011)Top 10 Global Engineering Services Design Firms in Wastewater Projects (2011)Top 10 Global Engineering Services Design Firms in Wastewater Projects (2011)Top 10 Global Engineering Services Design Firms in Wastewater Projects (2011)
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Firm Rank in 
2010

2010 Revenues 
(Wastewater)

Share of  Total 
Revenues

California 
Offices Headquarters

AECOM Technology Corp. 2 $290 Million 11% X Los Angeles, CA
MWH Global 1 $193 Million 41% X Denver, CO

CH2M HILL Companies, Ltd. 8 $116 Million 2% X Denver, CO
Mott MacDonald Group Ltd. 3 $91 Million 9% X London, U.K.

Golder Associates Group 4 $100 Million 13% X Mississauga, OT
Arcadis NV 10 $64  Million 3% Amsterdam, ND

Louis Berger Group 5 $62 Million 9% X Morristown, NJ
GHD Pty. Ltd. - $57 Million 28% X Sydney, AU
Black & Veatch 7 $55 Million 17% X Overland Park, KS

Stantec Inc. - $55 Million 9% X Edmonton, AB

Table 7. Top Ten Global Water & WasteWater Engineering Services Design Firms 2009. Water Revenues and 
Environmental Revenues include construction, equipment, pipe rehabilitation and specialty services (Source: 
Engineering News Record’s Top 200 Environmental Firms 2011; ISBS World, 2012; Hoovers in-depth company records, 
2012)

 Of  particular importance to water reuse plant construction are AECOM, Arcadis, Black & 

Veatch, CDM, CH2M Hill, TetraTech, and MWH (GWI, 2010).  AECOM and Tetra Tech are both 

based in Southern California while CDM, CH2M Hill, Black & Veatch, and MWH all have strong 

representation in the state.  MWH Global has a major water testing laboratory in the state 

(Interviews, 2012; MWH, 2012).  Additionally, many slightly smaller local firms such as Brown and 

Caldwell or Parsons Corporation are still very important players in the water engineering market 

(EBJ, 2011).  Globally, water reuse projects are generally contracted and built using a design-build 

(DB) model where the project is owned and operated by the municipality (GWI, 2010). However, 

innovative financing agreements (i.e. Build-Own-Operate-Transfer (BOOT) and Build-Own-

Operate (BOO), and Design-Build-Operate) where the building firm own the facility, are growing in 

popularity (GWI, 2010).  This will have implications for the engineering market as it would favor 

large multinationals that have operations expertise, such as Suez or United Utilities.  In the United 

States, most projects are still built using the design-bid-build method. However, as utilities continue 

to be under cash constraints, they may turn to other contracting methods. For example, Los Angeles 

Department of  Water and Power has recently issued an request for proposals for a new waste energy 

plant at their Hyperion wastewater facilities where they desired a DBOOT contract over a 25-year 

term (Mendoza, 2012).  The likely result of  these contract trends is an enlarged industry as 
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engineering and construction firms specializing in water reuse grow to take advantage of  the new 

business opportunities. 

Financial Actors & Networks

 Finally, it is important to note that Californian firms benefit from easy access to the 

advanced capital markets of  the United States.  Furthermore, in addition to traditional sources of  

firm funding—banks, private investors, bond markets, etc.—and the sources of  funding provided by 

the state, federal, and local governments through research grants, California is famous for its legions 

of  venture capitalists—although to be fair the most famous of  these investors are in Northern 

California centered on high tech Silicon Valley.  As seen in Figure 12 above, Southern California has 

a healthy financial industry with an above average concentration of  financial investment actors. 

Some of  these are simply traditional private capitalists and a few are probably even clean tech 

venture capitalists (Interviews, 2011).  Today, increasing numbers of  venture capitalists are focused 

on environmentally sensitive “clean technologies” (Next Ten, 2012; Javier, 2011; White, 2012).  

Clean technology is a broad and often loosely defined concept. It refers to products, services, and 

processes that are environmentally sensitive, or use renewable materials and energy sources, or that 

dramatically reduce the use of  natural resources, and eliminate emissions or wastes.  The emerging 

field of  “Clean Tech”, with the dual promise of  sustainability and combating environmental 

degradation while also providing tomorrow’s cutting edge export oriented industries, has inspired 

many other regions throughout the world to target this industry.  California firms grab the lion’s 

share of  the nation’s clean tech investment.  A 2011 analysis by Ernst & Young found that California 

firms received over $2.8 billion, or 57%, of  the $4.9 billion in venture capital offered up in the so-

called clean-tech category of  funding nationwide last year. (White, 2012).  The Los Angeles region 
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even claims to lead the nation in jobs associated with clean technology by employing over 178,000 

people in clean tech positions (Romero, 2011). 

 Globally, water technology is a small portion of  all clean technology venture capital 

investment—and for that matter, all investment. For example, in 2009, water technology firms raised 

$149 million in venture investments in 50 separate deals (Javier, 2011).  This was only 2.6 percent of  

the estimated $5.7 billion globally invested in Clean Tech (ibid). Many clean tech publications 

recognize the potential of  water technology however they identify several barriers to industry 

growth including the low price of  water, market and customer fragmentation, and the multiple 

technologies involved in the water process (ibid).  However, the industry is rapidly growing, and 

venture capitalists are closely tracking new technologies.  For example, the water technology venture 

capital firm, XPV, has a database with over 800 firms developing water technologies (Water Smart 

Innovations, 2011).  Global water technology investments are increasing rapidly and California firms 

are often at the forefront. In 2010, the second and sixth largest water technology deals involved local 

firms. Hara Environmental and Energy Management, a resource management software based in San 

Mateo, CA, and Irvine-based Waterhealth International, a developer of  a point of  use ultraviolet 

water purification and disinfection technology (ibid). That Orange county based Waterhealth 

International is developing a technology central to water reuse speaks to the strength of  the regional 

water reuse innovation system 

7. Actors & Networks: Non-Firm Organizations

 Non-firm organizations are often critical for supporting the interests of  an industry and 

developing a strong regional economic cluster.  Some regional scholars argue that a vibrant 

ecosystem of  non-state actors is what gives a region a critical edge in nurturing and sustaining 

innovation systems (e.g. Cooke, 2001). There are several hundred, and likely thousands of  nonprofit 
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organizations active in California water policy.  They play an important role in the promoting, 

creation, and diffusion of  knowledge. This serves as an additional link through which technical, 

financial, business, and governmental knowledge and connections can spread. In Southern 

California, nonprofit organizations play a very strong role in shaping the public debate—and 

therefore policy direction—on California’s water issues. Southern California environmental 

nonprofits such as Heal the Bay, Treepeople, or the Surfrider Foundation are among the nations 

most powerful urban water advocacy groups.  Meanwhile, Northern California is home to some of  

the most important water policy nonprofits in the world, such as Oakland’s influential Pacific 

Institute.  A quick web search will generate several hundred water related nonprofits registered in the 

state of  California. The overwhelming majority of  them are focused on conservation or 

environmental causes, as befits the regions strong environmental values.  There are also hundreds of 

industry trade groups, not to mention innovative nonprofits, like Imagine H20 whose mission is to 

build entrepreneurism by helping innovators commercialize technological solutions (Imagine h20, 

2012; Interviews, 2012). 

 Figure 13 is a look at employment locational quotients for selected service jobs in Los 

Angeles MSA.  The region enjoys a rich diversity of  non-firm organizations with thousands of  

nonprofits, hundreds of  universities, colleges, and technical schools, although not a rates much 

higher then the nation as a whole. The MSA does have a strong representation of  financial services, 

with above average concentration in nonconventional investment activities, such as venture capital. 

The region also has a much larger concentration of  grant making jobs indicating the relative wealth 

of  the region and its altruistic values. This also might reflect the value that some large grant 

organizations might see in having a location near Hollywood and the strong communications 

industry. The region does very well in knowledge services—particularly management, specialized 

design, and technical schools which are often critical for minor technical innovations.
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Figure 15. Los Angeles MSA Employment Locational Quotient of  Selected Supporting Industries 2010 (Source: US 
Bureau of  Labor Statistics Quarterly Census of  Employment and Wages, 2010). 
 
 It is interesting to note that the region is actually quite weak in environmental and 

conservation employment, despite the presence of  strong water policy nonprofits. This is largely due 

to the majority of  the State’s environmental organizations being headquartered in the Bay area, or in 

the state capital, Sacramento.  These organizations, such as the aforementioned influential Pacific 

Institute, are very active in Southern California water policy.  The Pacific Institute is a global water 

policy research center producing reports an all matters of  water and issuing a yearly report, The 

World’s Water, which comprehensively documents the state of  the world’s water.  Dr. Peter Glieck is 
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an international water policy celebrity who lectures throughout the world.   Pacific Institute 

publications like Desalination, With a Grain of  Salt - A California Perspective, Water Scarcity and Climate 

Change: Growing Risks for Businesses and Investors, or More with Less: Agricultural Water Conservation and 

Efficiency in California have driven water policy debates.  In particular, the 2003 report Waste Not, Want 

Not: The Potential for Urban Water Conservation in California, has had an important impact in shaping 

conservation policies (Interviews, 2011).  Of  course, the strong presence of  numerous progressive 

water organizations—The Alliance for Water Efficiency, the Association for California Water 

Agencies, the California Urban Water Conservation Council, among many many others—certainly 

helps push the policy agenda forward.

Map 6. Selected Nonprofits Active in Water Policy in the Los Angeles Region. Note this list is merely a snapshot, not a 
comprehensive mapping. However there are a strong agglomerations of  environmental groups in downtown Los 
Angeles, West Los Angeles, and Santa Monica, which reflects the importance of  the regional capital and the strong 
environmental values of  the affluent westside of  Los Angeles.

135



 Despite having less environmental organizations then the San Francisco bay, Southern 

California does have some very important environmental organizations.  For example, Heal the Bay 

and Surfrider have been extremely successful in educating the public and government agencies about 

stormwater pollution into the Ocean.  Southern California does not receive very much rain, a little 

over 17 inches a year, but thanks to the extensive flood control infrastructure—most obviously the 

concrete drainage tunnel that was formally the Los Angeles River—the majority of  rain it does 

receive is quickly flushed into the ocean—usually within 24 hours (Interviews, 2011).  In addition to 

education and pushing the policy debate, organizations like Heal the Bay, Tree people, Surfrider, The 

Council for Watershed Health are helping to bring about so-called soft path approaches to 

integrated water management. Surfrider for example, runs a very successful ocean friendly garden 

landscaping program which promotes on-site water storage, (Surfrider, 2012).  Treepeople has been 

at the forefront in developing studies—including a pioneering study on the value of  urban trees 

(Lipkis, 1999)—and promoting low impact development in the Los Angeles region.  The Council for 

Watershed Health not only conducts research but also builds model low impact development urban 

designs that promote water conservation. These organizations are working to build support for local 

integrated water management techniques but they have a long way to go. 

   These actors and networks are critical in shaping the direction of  the industry.  These 

organizations also work actively with firms and industrial networks in order to serve to further 

promote knowledge diffusion. All nonprofit organizations by definition do not generate profits, or if 

they do the must reinvest their profits into operations. These entities are organized under the IRS 

501(c) tax code and pay less, or in the case of  501(c)3 organizations, pay zero Federal taxes (IRS, 

2012)  However, 501(c)3 organizations are extremely limited in the activities that they undergo. First, 

they can not make a profit that benefits share holders or a private entity. Second, they are limited in 

their ability to influence legislation may not participate in any campaign activity for or against 
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political candidates (IRS, 2012).  However, in practice, the ban against political campaigning is very 

narrowly defined, and nonprofits are free to dedicate themselves to working on behalf  of  a cause 

which may have political ramifications.  

Name	  of	  Organization Mission	  /	  Purpose
Heal	  the	  Bay

PaciEic	  Institute

Imagine	  H2O

Sierra	  Nevada	  Alliance

Surfrider	  Foundation

Water	  Education	  
Foundation
Agricultural	  Water	  
Management	  Council
Southern	  California	  
Watershed	  Alliance
Alliance	  for	  Water	  
Education
Environmental	  Justice	  
Coalition	  for	  Water
Environmental	  Council	  of	  
the	  States
The	  Water	  Conservation	  
Garden
Council	  for	  Watershed	  
Health

Public	  OfEicials	  for	  Water	  
and	  Environmental	  Reform

American	  Ground	  Water	  
Trust

National	  Water	  Resources	  
Association
Natural	  Resources	  Defense	  
Council

California	  Farm	  Water	  
Coalition
Alliance	  for	  Water	  
Stewardship

CalDesal
Environment	  Now

Sierra	  Club	  California

Making	  southern	  California's	  coastal	  waters	  and	  watersheds,	  including	  Santa	  Monica	  Bay,	  safe,	  healthy	  
and	  clean
Conducts	  research,	  publish	  reports,	  recommend	  solutions,	  and	  works	  with	  decision	  makers,	  advocacy	  
groups,	  and	  the	  public	  to	  change	  policy	  on	  problems	  like	  water	  shortages,	  habitat	  destruction,	  global	  
warming,	  and	  environmental	  injustice
To	  inspire	  &	  empower	  people	  to	  solve	  water	  problems.	  Imagine	  H20	  hosts	  an	  annual	  water	  technology	  
prize	  and	  helps	  winners	  commercialize	  their	  products
To	  protect	  and	  restore	  the	  natural	  resources	  of	  the	  Sierra	  Nevada	  for	  future	  generations	  while	  
promoting	  sustainable	  communities
	  To	  work	  for	  the	  protection	  and	  enjoyment	  of	  oceans,	  waves	  and	  beaches	  through	  a	  powerful	  activist	  
network
To	  create	  a	  better	  understanding	  of	  water	  resources	  and	  foster	  public	  understanding	  and	  resolution	  of	  
water	  resource	  issues	  through	  facilitation,	  education	  and	  outreach
	  To	  advance	  the	  efRiciency	  of	  farm	  water	  management	  while	  beneRiting	  the	  environment

Work	  with	  watershed	  and	  community	  groups	  on	  legislation,	  funding	  and	  recognition	  for	  their	  successes

To	  improve	  environmental	  education	  for	  middle	  and	  high	  school	  students	  by	  providing	  programs	  about	  
Water	  Literacy
Works	  to	  empower	  community	  members	  to	  become	  strong	  voices	  for	  water	  justice	  in	  their	  communities

	  To	  improve	  the	  capability	  of	  state	  environmental	  agencies	  and	  their	  leaders	  to	  protect	  and	  improve	  
human	  health	  and	  the	  environment	  of	  the	  United	  States	  of	  America
Promoting	  water	  conservation	  in	  the	  Southern	  California	  landscape	  through	  	  excellent	  exhibits	  and	  
programs	  that	  educate	  and	  inspire	  the	  public
To	  facilitate	  a	  comprehensive,	  multipurpose,	  stakeholder	  driven	  consensus	  process	  to	  preserve,	  restore,	  
and	  enhance	  the	  many	  beneRicial	  uses,	  economic,	  social,	  environmental	  and	  biological,	  of	  the	  Los	  
Angeles	  River	  and	  San	  Gabriel	  River	  watersheds	  eco-‐system	  through	  education,	  research,	  planning,	  and	  
mediation
To	  educate	  the	  public	  and	  promote	  among	  water	  agencies	  its	  core	  beliefs:	  A	  reliable	  and	  clean	  water	  
supply	  is	  essential;	  Natural	  resources	  must	  be	  restored	  and	  enhanced;	  Water	  should	  be	  used	  as	  
efRiciently	  as	  possible;	  Economic	  efRiciency	  is	  a	  must;	  Water	  agencies	  have	  a	  broad	  public	  responsibility	  
beyond	  delivering	  a	  clean	  and	  reliable	  water	  supply
Protect	  ground	  water,	  promote	  public	  awareness	  of	  the	  environmental	  and	  economic	  importance	  of	  
ground	  water,	  provide	  accurate	  information	  to	  assist	  public	  participation	  in	  water	  resources	  decisions	  
and	  management
To	  advocate	  federal	  policies,	  legislation,	  and	  regulations	  promoting	  protection,	  management,	  
development,	  and	  beneRicial	  use	  of	  water	  resources
	  To	  safeguard	  the	  Earth:	  its	  people,	  its	  plants	  and	  animals	  and	  the	  natural	  systems	  on	  which	  all	  life	  
depends
To	  increase	  public	  awareness	  of	  agriculture’s	  efRicient	  use	  of	  water	  and	  promote	  the	  industry’s	  
environmental	  sensitivity	  regarding	  water
Promote	  responsible	  use	  of	  fresh	  water	  that	  is	  socially	  and	  economically	  beneRicial	  as	  well	  as	  
environmentally	  sustainable;	  Environmentally	  sustainable	  water	  use	  maintains	  or	  improves	  
biodiversity	  and	  ecological	  processes	  at	  the	  watershed	  level;	  Socially	  beneRicial	  water	  use	  recognizes	  
basic	  human	  needs	  and	  ensures	  long-‐term	  beneRits	  (including	  economic	  beneRits)	  for	  local	  people	  and	  
society	  at	  large.
Organized	  to	  Lobby	  for	  Desalination	  Plants	  in	  Southern	  California
To	  be	  an	  active	  leader	  in	  creating	  measurably	  effective	  environmental	  programs	  to	  protect	  and	  restore	  
California's	  environment
To	  promote	  the	  preservation,	  restoration,	  and	  enjoyment	  of	  California’s	  environment,	  and	  enable	  
chapters	  and	  grassroots	  activists	  to	  speak	  as	  one	  voice	  to	  promote	  California	  conservation
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Name	  of	  Organization Mission	  /	  Purpose
Water	  for	  Life	  International

American	  River	  
Conservancy
Friends	  of	  the	  Earth
Global	  Green	  USA
Green	  LA	  Coalition
International	  Network	  for	  
Environmental	  Compliance	  
and	  Enforcement
Council	  for	  Environmental	  
Education
Native	  American	  Water	  
Association

The	  Nature	  Conservancy

Western	  Resource	  
Advocates
Residents	  for	  Responsible	  
Desalination	  (R4RD)

Environmental	  Council	  of	  
the	  States
Sea	  Shepherd	  Conservation	  
Society
PaciEic	  Rivers	  Council
Desal	  Response	  Group

Dedicated	  to	  providing	  access	  to	  clean	  potable	  water	  where	  needed	  and	  to	  respond	  in	  a	  timely	  manner	  
to	  the	  needs	  of	  disaster	  stricken	  areas
	  To	  preserve	  natural	  areas	  and	  cultural	  resources	  and	  build	  an	  enduring	  ethic	  of	  care,	  building	  a	  
sustainable	  future	  for	  humans	  in	  harmony	  with	  nature
	  To	  defend	  the	  environment	  and	  create	  a	  more	  healthy	  and	  just	  world
To	  address	  some	  of	  the	  greatest	  challenges	  facing	  humanity
To	  build	  a	  strong	  movement	  to	  win	  campaigns	  to	  transform	  Los	  Angeles	  into	  a	  sustainable	  city
To	  contribute	  to	  a	  healthy	  and	  clean	  environment,	  sustainable	  use	  of	  natural	  resources	  such	  as:	  water,	  
timber,	  etc.,	  and	  the	  protection	  of	  ecosystem	  integrity	  through	  effective	  compliance	  and	  enforcement	  of	  
environmental	  laws	  using	  regulatory	  and	  non-‐regulatory	  approaches
To	  provide	  environmental	  education	  programs	  and	  services	  that	  promote	  stewardship	  of	  the	  
environment	  and	  further	  the	  capacity	  of	  learners	  to	  make	  informed	  decision
To	  provide	  tribal	  water	  and	  wastewater	  operators,	  managers,	  utility	  commissions	  and	  tribal	  leadership	  
with	  continued	  training	  and	  technical	  assistance	  in	  their	  goals	  to:	  Strengthen	  tribal	  sovereignty	  and	  
Self-‐determination	  and	  protect	  health	  and	  environment	  in	  Indian	  Country
To	  preserve	  the	  plants,	  animals	  and	  natural	  communities	  that	  represent	  the	  diversity	  of	  life	  on	  Earth	  by	  
protecting	  the	  lands	  and	  waters	  they	  need	  to	  survive
	  To	  protect	  the	  West’s	  land,	  air,	  and	  water;	  collaborate	  with	  other	  conservation	  groups,	  hunters	  and	  
Rishermen,	  ranchers,	  American	  Indians,	  and	  others	  to	  ensure	  a	  sustainable	  future	  for	  the	  West
Educate	  the	  public	  about	  ocean	  water	  desalination;	  Protect	  local	  control	  of	  water	  resources	  and	  marine	  
life;	  Advocate	  the	  highest	  and	  best	  uses	  of	  technology	  and	  practices	  that	  minimizes	  environmental	  and	  
health	  impacts;	  Promote	  environmentally	  preferable	  alternatives	  to	  ocean	  water	  desalination,	  such	  as	  
water	  conservation,	  reclamation,retention,	  and	  recycling
	  To	  improve	  the	  capability	  of	  state	  environmental	  agencies	  and	  their	  leaders	  to	  protect	  and	  improve	  
human	  health	  and	  the	  environment	  of	  the	  United	  States	  of	  America
To	  end	  the	  destruction	  of	  habitat	  and	  slaughter	  of	  wildlife	  in	  the	  world's	  oceans	  in	  order	  to	  conserve	  
and	  protect	  ecosystems	  and	  species
To	  protect	  and	  resotre	  rivers,	  their	  watersheds,	  and	  the	  native	  aquatic	  species	  that	  depend	  on	  them
To	  provide	  Californians	  with	  education	  that	  directly	  responds	  to	  ocean	  
desalination	  by	  connecting	  diverse	  environmental	  and	  community	  
organizations	  for	  the	  promotion	  of	  sustainable	  alternatives	  to	  ocean	  
desalination

Table 8. Snapshot of  Nonprofits Active in Southern California Water Issues. The author originally compiled a much 
larger list of  nearly 200 organizations, but only included representative selections. (Sources: Organization Websites)

 
Industry Associations, Business Development, & Trade Groups

 It is very notable that in contrast to these case studies, there are very few organizations 

dedicated to building the water industry for economic reasons.  There is no “Californian water 

sector” like there is a “Dutch water sector” nor is there a true equivalent to the Singapore Water 

Association or a Milwaukee Water Council.  In fact, on the Sectary of  State’s web page listing 

California’s trade associations, not one mentions water (CASOS, 2012).  The important networking 

and knowledge diffusion functions are often filled by existing industry trade associations, various 

water agencies—most importantly MWD, LADWP, and OCWD—or universities such as the ones 

highlighted in Chapter 4.5, Knowledge Creation.  Despite numerous entities marketing the region’s 

water expertise, there are not very many independent organizations focused on trumpeting the 
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regional water industry as a jobs creation tool.  Although to be fair, California is one of  most well 

known brands in the world.  Thanks to Hollywood’s movies, much of  the world might have an 

inkling that we have water problems—anybody who has watched one of  the numerous car chases 

filmed in the Los Angeles River could probably venture a good guess.  Still, the lack of  a regional 

economic water industry message is somewhat surprising, and even the general regional trade 

associations like Foreign Trade Association of  Southern California (FTASC, 2012) or the Los 

Angeles County Economic Development Corporation (LAEDC)—who operates the Los Angeles 

Long Beach World Trade Center—do not loudly advertise the region’s water industry expertise. In 

fact, on the LACEDC website, one can’t even search for “water” (LAEDC, 2012).  

 A notable exception to this general observation is the partnership of  California water 

companies and public agencies who formed the non-profit, CalDesal, to lobby for the passing of  

the Carlsbad Desalination Plant which would become the nation’s largest desalination plant. The 

project was stalled in planning for over a decade before being finally approved in 2009 (Richardson, 

2009). Construction industry unions, particularly the plumbing union are also very active in 

promoting local water construction projects.  For example, the plumbers union recently helped 

sponsor the Los Angeles County Economic Round Table’s water industry job analysis and 

participates in public campaigns on behalf  of  the water industry (Burns, 2011).  They, along with 

other construction unions, have been very active in promoting the State’s various water bond 

measures.  

 
Name	  of	  Industry	  
Association

Mission	  /	  Purpose

National	  Association	  of	  
Water	  Companies	  (NAWC)

American	  Water	  Works	  
Association	  (AWWA)

Southern	  California	  Water	  
Dialogue

Dedicated	  to	  helping	  close	  the	  information	  gap	  by	  serving	  as	  a	  credible	  resource	  for	  anyone	  seeking	  
information	  about	  the	  water	  issues	  facing	  our	  nation	  today	  and	  in	  the	  foreseeable	  future,	  and	  the	  
powerful	  and	  practical	  solutions	  that	  are	  available	  by	  way	  of	  the	  private	  water	  sector.
The	  American	  Water	  Works	  Association	  is	  an	  international	  nonproRit	  educational	  association	  dedicated	  
to	  safe	  water.	  Founded	  in	  1881	  as	  a	  forum	  for	  water	  professionals	  to	  share	  information	  and	  learn	  from	  
each	  other	  for	  the	  common	  good,	  AWWA	  is	  the	  authoritative	  resource	  for	  knowledge,	  information,	  and	  
advocacy	  for	  improving	  the	  quality	  and	  supply	  of	  water	  in	  North	  America	  and	  beyond
Participants	  in	  the	  Southern	  California	  Water	  Dialogue	  (Water	  Dialogue)	  meet	  voluntarily	  on	  a	  monthly	  
basis	  to	  explore	  water-‐related	  issues	  of	  vital	  interest	  to	  our	  region.	  The	  Water	  Dialogue	  serves	  as	  a	  
clearinghouse	  and	  advocate	  for	  projects,	  activities,	  and	  processes	  that	  will	  improve	  the	  quality	  and	  
reliability	  of	  Southern	  California's	  water	  supply.	  
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Name	  of	  Industry	  
Association

Mission	  /	  Purpose

Alliance	  for	  Water	  EfEiciency

Water	  Information	  Sharing	  
and	  Analysis	  Center	  

Water	  and	  Wastewater	  
Equipment	  Manufacturers	  
National	  Rural	  Water	  
Association	  (NRWA)

National	  Association	  of	  Clean	  
Water	  Associations

Water	  Reuse	  Research	  
Foundation

California	  Water	  Association

Association	  of	  Water	  
Technologies

Association	  of	  State	  Drinking	  
Water	  Administrators

The	  American	  BackElow	  
Prevention	  Association

Association	  of	  California	  
Water	  Agencies	  (ACWA)

California	  Rural	  Water	  
Association

	  Serves	  as	  a	  North	  American	  advocate	  for	  water	  efRicient	  products	  and	  programs,	  and	  provides	  
information	  and	  assistance	  on	  water	  conservation	  efforts
	  To	  keep	  drinking	  water	  and	  wastewater	  utility	  managers	  informed	  about	  potential	  risks	  to	  the	  nation's	  
water	  infrastructure	  from	  contamination,	  terrorism	  and	  cyber	  threats;	  to	  help	  utilities	  respond	  to	  and	  
recover	  from	  all	  hazards
To	  inform,	  educate	  and	  provide	  leadership	  on	  issues	  which	  affect	  the	  worldwide	  water	  and	  wastewater	  
equipment	  industry
NRWA	  is	  the	  voice	  in	  regulatory	  debates,	  advocating	  for	  reasonable,	  practical,	  and	  affordable	  
regulations	  for	  the	  majority	  of	  water	  supplies	  across	  the	  nation
involved	  in	  all	  facets	  of	  water	  quality	  protection;	  to	  pursue	  every	  opportunity	  to	  develop	  and	  
implement	  scientiRically-‐based,	  technically-‐sound	  and	  cost-‐effective	  environmental	  programs
	  To	  conduct	  and	  promote	  applied	  research	  on	  the	  reclamation,	  recycling,	  reuse,	  and	  desalination	  of	  
water
Strives	  to	  provide	  high-‐quality	  water	  utility	  services	  to	  customers	  throughout	  California.
Core	  Values:	  Demonstrate	  professional,	  credible	  and	  trustworthy	  behavior;	  Innovate—promoting	  
cutting	  edge	  technology;	  Perform	  duties	  with	  integrity;	  Promote	  collaboration	  and	  networking;	  
Continually	  raise	  industry	  standards
Support	  states	  in	  their	  efforts	  to	  protect	  public	  health	  through	  the	  provision	  of	  safe	  drinking	  water;	  
Collect	  and	  make	  accessible	  to	  all	  state	  program	  administrators	  information	  and	  data	  to	  assist	  them	  in	  
fulRilling	  their	  duties;	  Encourage	  the	  interchange	  of	  experience	  and	  information	  among	  state	  drinking	  
water	  programs;	  Promote	  responsible,	  reasonable,	  and	  feasible	  drinking	  water	  program	  requirements	  
at	  the	  state	  and	  Federal	  levels;	  Provide	  advice,	  counsel,	  and	  expertise	  to	  organizations	  and	  entities	  
having	  an	  interest	  in	  drinking	  water,	  including	  Congress	  and	  EPA
To	  involve	  all	  people	  in	  protecting	  public	  health	  by	  protecting	  the	  drinking	  water	  through	  cross-‐
connection	  control	  and	  backRlow	  prevention
“ACWA’s	  mission	  is	  to	  assist	  its	  members	  in	  promoting	  the	  development,	  management	  and	  reasonable	  
beneRicial	  use	  of	  good	  quality	  water	  at	  the	  lowest	  practical	  cost	  in	  an	  environmentally	  balanced	  
manner.”
To	  meet	  the	  needs	  of	  member	  water	  and	  wastewater	  systems	  by	  providing	  quality	  information,	  training	  
and	  technical	  assistance	  and	  legislative	  representation,	  and	  assist	  them	  in	  maintaining	  a	  high	  standard	  
of	  service	  to	  their	  communities.

Table 9. Snapshot of  Southern California Water Industry Associations (Sources: Organizational Websites). The author 
originally compiled a much larger list, but only included representative selections.  

 This is not to say that business groups are completely missing from the picture. Southern 

California does have a huge number of  water industry trade associations.  Table 9 highlights some of 

these groups.  These organizations produce reports, pass industry information among members and 

likely hold thousands of  events per year. In short, they are at the forefront of  knowledge diffusion.  

These groups do participate in the promotion of  the local industry. It is only that the region appears 

to lack a coordinated regional economic strategy oriented around its water expertise. This differs 

from the examples profiled in the case studies. These organizations are invaluable in diffusing 

knowledge.  

 Additionally, California also has a large number of  specialized journalist organizations such 

as the San Diego based, Environmental Business Journal, which is focused on environmental 
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industries.  The state is also home to numerous clean technology organizations such as the 

aforementioned Bay Area Next Ten or the Clean Tech Group, although these organizations tend to 

be clustered in Norther California. There are also many other active business development 

nonprofits in California like the aforementioned Imagine H20. Imagine H20 holds annual 

technology competitions and teaches inventors how to commercialize. Although, it should be noted 

that there are relatively few of  these organizations, and they are not specifically regional in focus.  

For example, Imagine H20‘s competitions are open to national and even international entrants 

(Imagine H20, 2012).
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V. Conclusion

 On July 2011, The National Science Foundation announced an $18.5 award to Stanford 

University and its partners—UC Berkeley, New Mexico State University and Colorado School of  

Mining—to establish a new NSF Engineering Research Center dedicated to re-inventing America's 

Urban Water Infrastructure (Gonzalez, 2011).  The new center has already established international 

partnerships—Nanyang Technological University in Singapore, the Swiss Federal Institute of  

Aquatic Science and Technology, and the University of  New South Wales in Australia—and has 22 

official industry partners drawn from multinational corporations, utilities, and start-up firms. 

According to the press release, the goal of  the new research center is to “spur innovation” (ibid).  In 

contrast to suburban Palo Alto, Southern California is the state’s major urban center. Over 20 

million people live in the dry arid region and the need to secure water supplies has spurred a large 

and innovative water industry—a heterogeneous mix of  firms competing to develop new 

technologies and build reuse infrastructure efficiently.  Southern California has substantial public 

and private research investment in water technologies and infrastructure engineering. Projects like 

GRWS or the Edward C. Little Water Recycling Facility are currently among the most advanced 

urban water management projects in the world.  Firms with strong local presences—Rainbird, 

Xylem, Hydranautics, Hunter Industries, Siemens Water Technologies, etc.—already have a 

substantial head start in the water reuse technologies market, and the region clearly has a healthy 

innovation system. 

 So why did Stanford beat out Southern Californian schools such as UCLA or UC Irvine for 

the new NSF urban water infrastructure center?  My analysis of  the region’s water reuse industry 

suggests a few clues.  Southern California’s water governance agencies—the complex maze of  

wholesalers, distributors, retailers, replenishment districts, cities, utilities, private companies, etc.—are 

simply too complicated with individual organizational incentives that are not appropriately aligned 

with important water management goals such as conservation, groundwater management, or 
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integrated water management. Institutional incentives must align with missions. Asking a water 

agency like MWD, which was designed to deliver massive quantities of  water through huge 

engineering projects—and is dependent on maintaing a high quantity of  water sales for continued 

financial health—to become a true leader in conservation, integrated water management, or local 

business development is not going to happen without restructuring its incentives.  It is hard for an 

outsider to understand why a large water agency, like the Central Basin Municipal Water District 

(CBMWD), who depends on groundwater for water supplies, is suing the agency—the Water 

Replenishment District (WRD)—that is charged with restocking that groundwater, ostensibly for 

what appears to be the fact that it is doing its job (CBWD, 2012). Even more egregiously, the San 

Diego County Water Authority has not only initiated legal action against Metropolitan Water 

District, of  which it is a member of, but is actively engaged in a public relations campaign to tar the 

MWD as leading a conspiracy against the SDCWA (Barringer, 2012). Regardless of  the individual 

merits of  these legal cases—which in the case of  CBWD versus WRD has been rightly dismissed 

(CBWD, 2012)—it is clear that the region’s governing institutions are not playing well together.  That 

so many successes—in conservation, integrated water management, groundwater replenishment, etc.

—have occurred at all, speaks all the more to the dedication and professionalism of  the public 

servants that staff  those agencies. The complicated governance system—coupled with subsidized 

water—has also resulted in both markets and consumers that are far too fragmented for private 

industry to easily develop water solutions on its own.  There appears to be little support for 

widespread reforms necessary to transform the governing bodies, water markets, or basic legal 

institutions such as groundwater rights, which are all actively working to hinder industry growth.  

There also appears to be a lack of  strong support from either local government, or private sector to 

build the local water industry, or to market the region’s expertise as an economic development tool.  

 This is not, however, to say that the region’s agencies are failing.  In fact, overall they have 

proven remarkably successful at their respective missions, and are doing their best to adapt to 
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changing circumstances. Many agencies—Orange County’s foremost, but also LADWP, WBMWD, 

and others—are among the most progressive and advanced in the world.  Furthermore, the regional 

water industry is strong. But it would potentially be much stronger and the industry as a whole 

would function much more effectively if  wise institutional reforms were implemented.

 In my analysis of  other case studies, I found that governments and the private sector not 

only had worked together to reform their water governance regimes in order to function more 

effectively, but they also often partnered up to build the local industry and aggressively market their 

water expertise internationally.  Oftentimes, this took the form of  strong regional trade industry 

groups.  Initially, few of  the people I interviewed seemed concerned over the lack of  a water 

industry trade lobby, ala Singapore Water Association, Milwaukee Water Council, or Australian Water 

Industry Alliance.  In one way this reflects the regional industry’s early strength.  Unlike Singapore, 

or Milwaukee, much of  the water industry already knows how important Southern California is.  

Interviewers pointed to the water agencies, numerous industry associations, and multiple nonprofits 

that advocate on behalf  of  the water industry, publish important documents, and hold water events 

regularly.  Southern Californian water industry people meet and share knowledge all the time. Indeed 

you can find a Southern California water event every day of  the week. But quantity is not quality.  

These events are excellent for facilitating knowledge exchange, and are indicative of  the region’s 

healthy innovation system, but few—if  any—of  these meetings are focused on building the local 

water business, or drumming up exports.  This isn’t to say this doesn’t happen, but it certainly is not 

happening to the same extent as Singapore, Israel, or Australia, or even Milwaukee. 

 Several interviews confirmed this sense, with the the small entrepreneurs in particular 

expressing dismay at the difficulty in reaching the broader local market due to institutional 

inefficiencies. Essentially, the governance institutions all walk to a different drummer.  Retailers have 

different incentive from wholesalers, who have a different incentive from MWD, who has a different 

incentive from the replenishment districts.  And none are focused on building a local water 
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technology industry. Nor are many of  the supporting groups, such as industry organizations, or 

nonprofits, or trade business lobby particularly focused on building the local industry.  Many of  

these trade groups, like the American Water Works Association (AWWA) are global leaders in water 

technology information, but few are actively promoting Southern California’s regional interests. 

Although it is true that engineering firms and the construction lobby are very active in promoting 

projects. And of  course the various Southern Californian trade promotion lobbies almost certainly 

market some water industry wares, but these efforts are different then a coordinated economic 

growth strategy, or dedicated water technologies trade organization, like in the other case studies I 

examined.  There are some small organizations like CalDesal who cite building the local industry as a 

justification for their cause.  But these are limited in scope. In the case of  CalDesal, building the 

local  industry is secondary to their stated goal of  bringing new water to the region (CalDesal, 2012). 

 Another important area where the water governance regime is failing the region is in 

implementing holistic integrated water management.  Despite the utterly compelling logic for the 

region that is rapidly drawing down its critical groundwater resources, and strenuous local efforts 

from environmental organizations, water agencies, and the state initiated Integrated Water Resources 

Management Program (IRWMP), the cities of  Southern California all dramatically lag behind other 

US cities in implementing holistic integrated water management practices.  Cities as diverse as 

Portland, Philadelphia, Phoenix, and Chicago, have much more progressive stormwater management 

policies that utilize soil’s natural drainage properties and replenish groundwater (Interviews, 2011).  

It was not until 2011 that the city of  Los Angeles even had a comprehensive stormwater 

management policy that promoted low impact solutions which replenish groundwater rather than 

flushing everything to the ocean (LA Stormwater, 2012).  This is despite decades of  efforts by local 

progressive environmental organizations such as Tree people, Surfrider, or Heal The Bay, not too 

mention the support of  Northern Californian environmental groups (Interviews, 2011).  
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  In contrast to the divisive governance picture I paint above, Orange County’s GRWS 

project—like Water Factory 21 before—is a very impressive example of  holistic integrated water 

management.  GRWS protects the groundwater from seawater intrusion and provides water to refill 

basin even in times of  drought and ongoing population growth. The project eliminated the need for 

additional costly ocean outfall. The water costs about the same as importing water from Northern 

California—which is only likely to rise in the future—while using about half  the energy needed. In 

fact, the GWRS is the epitome of  wise public investment. The cooperation between OCWD and 

OCSD was essential in designing and building the GWRS.  But would it have happened without 

OCWD’s complete control over water basin?  What if  the engineers did not cooperate? Or the 

managers did not get along?  In interviews, one thing engineers lamented was the duplicate work 

necessary being divided among organizations, when one would have been more efficient—although 

it should be noted they also regularly praised the interagency cooperation (Interviews, 2012).  When 

two organizations have very different mandates, there is no reason why they will necessarily work 

together. Southern California has numerous examples where this has been the case. The bitter 

history between MWD and SDCWA for example.  This is one reason the Netherlands, Singapore, 

Israel, and to a lessor extent Australia, have all reformed their governance institutions so that 

integrated water management is a mission. In all five of  these cases—if  one also counts the 

partnership between OCSD and OCWD—a vibrant technologically innovative water industry has 

resulted. 

 The strong regional commitment to water reuse research and development in Southern 

California has largely come about due to OCWD’s pioneering Water Factory 21 and the State’s early 

commitment to water recycling.  Together, these led to a thriving local water reuse industry 

innovation system. Thanks to OCWD’s (and WBMWD’s and LADWP’s) ongoing efforts in 

legitimizing water reuse and alleviating public concerns about its safety, this reuse industry is 

growing rapidly—regionally, nationally, and internationally. Statewide, nearly 200 water reuse projects 
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are expected to be operational by 2020. LADWP is projecting that recycled water will be 8% of  total 

Los Angeles water by 2030, and local experts believe that may be a conservative estimate 

(Interviews, 2012).  A closer examination of  the GWRS project, however, reveals some concerns for 

the regional reuse innovation system.  Two of  the most important firms involved in the project, 

chief  designer, CDM and major supplier Siemens Water Technologies, have just built new global 

water technology research laboratories in Singapore, rather than California.  Siemens’ facility is the 

company’s “Global Water Research and Development Center” (Seimens, 2012), while the CDM 

Smith Neysadurai Centre for Integrated Water Resources and Urban Planning, is the urban water 

management global research center.   Furthermore, of  the the three firms that manufactured the 

major technologies employed in the GWRS facility—Hydronaoutics (Reverse Osmosis), Siemens 

(Microfiltration), and Trojan (Ultraviolet/hydroperoxide)—two of  these three companies are no 

longer headquartered in Southern California, and Hydranautics is owned by the Japanese 

conglomerate, Nitto Denko (Hydranautics, 2012).  Of  course, these firms still maintain operations in 

the region, so perhaps the location of  their headquarters doesn’t matter.  Meanwhile, other firms 

involved in the project, such as MWH Global, maintain large research centers in the state.  One can’t 

help but speculate that if  Siemens Water Technologies was still the Southern California firm, US 

Filter, and led by a local CEO who believed in the Southern Californian water industry in the same 

way that Paul Jones of  A.O. Smith believes in the Milwaukee, Wisconsin water industry, then today 

there might be an equivalent organization to the Milwaukee Water Council working hard to build the 

regional center and ensuring that these research positions—and the high value jobs they create—

would stay here in Southern California. 

 Through my analysis of  patent data, it is also clear that Southern California is also home to 

the nation’s premier irrigation technology research center.  As the water reuse and greywater 

technologies become more popular, we can expect firms like Rainbird, Hunter industries, or Toro 

whom already have locally based research headquarters, to be at the forefront of  creating new 
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greywater irrigation technologies. So far, however, this has not been a focus of  their research and 

development; they don’t yet see the market growth, although they do see the potential (Interviews, 

2011).  A water reuse industry trade group, or a generalized water technology economic 

development group like the Milwaukee Water Council, might be effective in promoting these trends 

and encouraging this research.  But the local industry does not seem to be strongly interested in 

promoting the industry.  It was striking, for example, when I attended the January 26, 2011 UCLA 

New Sources Conference I saw that it was evident that the audience was almost entirely made up of  

nonprofits, academics, and agency employees with relatively few private businesses represented.  

Only one major technology manufacturer, the CEO of  Xylum, spoke, and even then it was a brief  

nonspecific speech about Xylum and the general industry growth prospects rather than anything on 

California.  She did not attend the rest of  conference.  One shouldn’t draw too much from only one 

event and there were several firms represented—most notably MWH Global who has research 

facilities in state—but still I can not help but note that this fits in with the general trend of  regional 

industry apathy (MWH Global, 2012).   

   California is the national leader in water technology patent creation (Foley, 2011). Southern 

Californian firms enjoy a wealth of  financing possibilities from traditional banking, to clean tech 

venture capitalists to federal business loans and research grants. Additionally, the huge ecosystem of  

nonprofits, trade groups, environmental organizations, clean tech industry, and business journals, all 

serve to facilitate networking and face to face exchanges that encourage interactive learning.  The 

future growth of  the market, however, is orienting towards Asia and the Middle East. This is, 

perhaps, not surprising given the size, rising wealth, and pressing needs of  these markets.  Most 

obviously the rapidly-growing, water-poor, oil-rich Gulf  region, but also China, with its serious 

water concerns. Californian firms, and firms with California presence, stand to benefit from much of 

this growth. It is Singapore, however, rather than California, that has aggressively positioned itself  as 

the world water technology research hub and is poised to benefit most from the growing market.  It 
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was Southern Californian firms that pioneered many of  these technologies and logically should be 

benefiting most from the region’s substantial head start in urban water management and water reuse 

technologies.  From my reuse analysis, I would argue that reforming our governing bodies and 

better cooperation between business and government agencies would serve to rejuvenate the local 

industry likely providing the impetus to propel the innovation system back into the global leadership 

role it once enjoyed.  It is absolutely essential that industry be actively engaged the process, and 

should be the leading advocate for its interests (e.g. Cooke, 2001; Porter, 1998). 

 California has historically been a national leader in progressive water legislation. 

Consequently, in keeping with demand management theories of  industry innovation (e.g. Porter and 

der Linde, 1995), the state’s firms have been—and are—at the forefront of  water technology 

innovation. There is another school of  thought particularly popular among America’s right wing, 

which argues that excessive regulation and confrontational relationships with business will drive 

business away.  In my investigation, I did not particularly seek evidence for this claim.  In my case 

studies I found that water technology firms appear to be thriving where governments have 

progressive—and even strict—legislative rules, strong commitments to research and development, 

and where regional governments actively work with the firms to promote technological innovation 

and industry growth. I did, however find a confrontational mentality among local governance 

agencies, at least as demonstrated by their legal actions and public pronouncements, which likely 

inhibits regional cooperation. The Orange County GWRS, and Water Factory 21 before it, is a prime 

example of  positive public/private cooperation, and thriving local industry is a result. Furthermore 

the National Water Research Center (NWRI) is an example of  positive interagency cooperation.  But  

these examples are defined by specialized circumstances which much of  the region does not share.  

Indeed the majority of  Southern California’s water industry is not focused on promoting industry or 

local economic growth, but rather is focused on its own particular interests or legal mandates.  

Nonprofits are primarily interested in promoting conservation or protecting the environment.  
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Government bodies, aside from MWD and LADWP, are too disparate to effectively coordinate on a 

strategy, despite the helpful prodding of  state initiatives such as the IRWMP.   The regional 

behemoth, MWD, is mandated to provide water and has little business reason to change.  Like 

MWD, local agencies are mandated to serve their own respective functions and communities before 

regional concerns. Private firms and property owners are concerned with their own profits or 

interests.  Regional groundwater management is fraught with complication, as evidenced most 

recently by the lawsuit against WRD by other local entities and municipalities (CBWD, 2012).   Truly 

integrated water management, such as the widespread adoption of  low impact development 

regulations, would impact even more jurisdictions and private interests, and therefore would require 

even more cooperation in an already complex environment.  In contrast, Northern California with 

its long history of  start up successes, vibrant clean tech industry focused on future industries, more 

pervasive progressive environmental ethos, and lack of  squabbling public water agencies, is a 

perceived as more attractive region for innovative researchers and firms.  This is likely why it was 

awarded the NSF center, which by rights should have gone to Southern California.  
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Appendix A. How California Compares

Table 10: International Comparison of  Functioning Regional Water Technology Innovations Systems

 The table e compares Southern California water innovation system’s performance with those 

of  the international cases studied in Chapter 3.  It is clear that Southern California is among the top 

international water technology innovations systems in the world.  Perhaps not Third as I have 

somewhat arbitrarily assessed it here, but certainly in the top ten.  If  one considered all of  California 

as a region, then it would certainly be in the top five of  all global centers, possibly even number 1. 

Case Study Comparison Checklist 

  In Chapter 4.6 I developed a list with 15 commonalities that I found in the four international 

case studies that I investigated.  Here I use the list to further compare Southern California 
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1. Water security concerns that are potentially economically devastating? 

 Yes.

2. National water monitoring institutions?  

 No.  Several strong state efforts have been made, but there is no statewide monitoring of  water resources and 

the state even lacks the authority to monitor groundwater. 

3. Governance institutions have been restructured to promote integrated urban water management 

practices? 

 Attempts have been made but major institutional difficulties remain. Multiple organizations with overlapping 

interests have jurisdiction. These entities often have different goals, and are often accountable to different interest 

groups. 

4. Water price subsidies have been removed, or at least reduced?  

 Water prices have steadily increased, but subsidies have not been fully removed. 

5. Price signaling is employed to encourage appropriate usage and investment? 

 Yes, at least in multiple retail water districts tiered pricing regimes have been implemented. 

6. Water rights have recently been reformed to better incentivize appropriate usage and investment?  

 Not recently, and groundwater rights stand out in particular as in need of  reform. That said water legislation 

is very progressive, even if  occasionally lagging other regions. 

7. Governments issue permits for the majority of  water use activities? 

 Overall yes, the government does issue permits for much of  water related activity including pollution, 

stormwater, and many general uses.  But there is not a comprehensive centrally organized system such as the 

Netherlands, instead permits are issued by a variety of  agencies.  Furthermore a portion of  the water supply is 

privately owned and therefore subject to less regulation. 

8. Agents, often non-profits, that promote water conservation and environmental consciousness? 

 Yes. 

9. Governments have made major water related infrastructure investments? 
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 Yes. 

10.Water technology knowledge creation is heavily invested in as evidenced by the establishment of  

water technology research centers, government research grant funding, private research and 

development?  

 Yes. 

11. Heterogeneous mix of  water firms with strong external economies? 

 Yes.

12. State support for business incubation services?  

 Mixed. For example, in Northern California the San Joaquin valley WET incubator began as a public 

private partnership. In Southern California LADWP is setting up a clean tech business incubation center.  There are 

also lots of  export programs. But there is really is nothing like Israel’s clean tech industry or government spawned 

venture capitalists like Kinrot Ventures, nor are there coordinated state programs such as Australia’s Innovation 

Australia. 

13. Has relatively sophisticated financial tools available business investment? 

 Yes.

14. Industry groups actively market the regional water industry internationally? 

 Sort of, numerous business interest groups, but few groups are specifically oriented to regional water business. 

And many of  the most important in the local reuse technology industry, such as Xylem, are not headquartered  in the 

region.  That said, California enjoys a very strong reputation as a water industry leader.   

15. The water industry is targeted as a vehicle for export led economic growth in goods and 

services? 

 No.  

16. Government works closely with private sector to promote industry? 

 No, at least not like the close collusion seen in Singapore and Israel, or for that matter the Dutch or 

Australians.  
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I further identified the following five themes that emerged from the two strongest cases, Israel and 

Singapore.

1. Formed public/private partnerships with multinationals and local firms to build innovative water 

treatment plants?  

 Mixed. There are many private public partnerships (e.g. LADWP’s recent Hyperion cogeneration plant 

proposal) but these arrangements are not specifically designed to bolster local economic development or regional 

knowledge capacities like Singapore and Israel. Partly this is due to the region’s already strong technological knowledge 

base, but it most likely reflects the American tradition with a stricter separation between government and business 

interests (which is not to say they don’t often align or work closely together). 

2. Actively courted international and public?private knowledge sharing agreements? 

 Yes, but without strong government support or much in the way of  financial resources. 

3. Aggressively market regional industry as global water technology innovation center? 

 Mixed, the local industry does market the regional innovation expertise, but there are no organizations—

public or private—dedicated to actively championing the industry. That said, OCWD, LADWP are certainly lauded 

as two of  the most progressive water agencies in the world. 

4. Strong international network connections?  

 Yes. 

5. Strong cultural bonds of  trust?  

 Strong trust among engineers and utility professionals.  Agencies, however, have less trust of  other agencies 

and openly squabble (e.g. the never-ending disputes between SDCWA and MWD; or the recent lawsuit between 

CBWD—among others—and WRD).  Environmental nonprofits often lack trust in the government and can be 

outright suspicious of  private firm motives.   Have you seen Chinatown? 
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Appendix B: NACIS Definitions

The following NACIS codes were used in figures 11 and 13. (U.S. Census Bureau, 2012)

NACIS Name Description

22 Utilities The Utilities sector comprises establishments engaged in the provision of  the following utility services: electric power, natural gas, 
steam supply, water supply, and sewage removal. Within this sector, the specific activities associated with the utility services 
provided vary by utility: electric power includes generation, transmission, and distribution; natural gas includes distribution; steam 
supply includes provision and/or distribution; water supply includes treatment and distribution; and sewage removal includes 
collection, treatment, and disposal of  waste through sewer systems and sewage treatment facilities.  Excluded from this sector are 
establishments primarily engaged in waste management services classified in Subsector 562, Waste Management and Remediation 
Services. These establishments also collect, treat, and dispose of  waste materials; however, they do not use sewer systems or 
sewage treatment facilities.

2213 Water and Sewage 
Systems

This industry comprises establishments primarily engaged in operating water treatment plants and/or operating water supply 
systems. The water supply system may include pumping stations, aqueducts, and/or distribution mains. The water may be used for 
drinking, irrigation, or other uses

22132 Sewage Treatment 
Facilities 

This industry comprises establishments primarily engaged in operating sewer systems or sewage treatment facilities that collect, 
treat, and dispose of  waste.

562 Waste 
Management 
Services

Industries in the Waste Management and Remediation Services subsector group establishments engaged in the collection, 
treatment, and disposal of  waste materials. This includes establishments engaged in local hauling of  waste materials; operating 
materials recovery facilities (i.e., those that sort recyclable materials from the trash stream); providing remediation services (i.e., 
those that provide for the cleanup of  contaminated buildings, mine sites, soil, or ground water); and providing septic pumping and 
other miscellaneous waste management services. There are three industry groups within the subsector that separate these activities 
into waste collection, waste treatment and disposal, and remediation and other waste management. 

23 Construction The construction sector comprises establishments primarily engaged in the construction of  buildings or engineering projects (e.g., 
highways and utility systems). Establishments primarily engaged in the preparation of  sites for new construction and 
establishments primarily engaged in subdividing land for sale as building sites also are included in this sector.

237 Heavy and Civil 
Engineering

The Heavy and Civil Engineering Construction subsector comprises establishments whose primary activity is the construction of  
entire engineering projects (e.g., highways and dams), and specialty trade contractors, whose primary activity is the production of  a 
specific component for such projects. Specialty trade contractors in Heavy and Civil Engineering Construction generally are 
performing activities that are specific to heavy and civil engineering construction projects and are not normally performed on 
buildings. The work performed may include new work, additions, alterations, or maintenance and repairs.

23711 Water & Sewer 
Systems 
Construction

Construction work done may include new work, additions, alterations, or maintenance and repairs. Activities of  these 
establishments generally are managed at a fixed place of  business, but they usually perform construction activities at multiple 
project sites. Production responsibilities for establishments in this sector are usually specified in (1) contracts with the owners of  
construction projects (prime contracts) or (2) contracts with other construction establishments (subcontracts).

238 Specialty Trade 
Contractors

The Specialty Trade Contractors subsector comprises establishments whose primary activity is performing specific activities (e.g., 
pouring concrete, site preparation, plumbing, painting, and electrical work) involved in building construction or other activities 
that are similar for all types of  construction, but that are not responsible for the entire project. The work performed may include 
new work, additions, alterations, maintenance, and repairs. The production work performed by establishments in this subsector is 
usually subcontracted from establishments of  the general contractor type or operative builders, but especially in remodeling and 
repair construction, work also may be done directly for the owner of  the property. Specialty trade contractors usually perform 
most of  their work at the construction site, although they may have shops where they perform prefabrication and other work. 
Establishments primarily engaged in preparing sites for new construction are also included in this subsector. 

23822 Plumbing and 
HVAC 

This industry comprises establishments primarily engaged in installing and servicing plumbing, heating, and air-conditioning 
equipment. Contractors in this industry may provide both parts and labor when performing work. The work performed may 
include new work, additions, alterations, maintenance, and repairs. 

5413 Architectural & 
Engineering 

This industry comprises establishments primarily engaged in planning and designing residential, institutional, leisure, commercial, 
and industrial buildings and structures by applying knowledge of  design, construction procedures, zoning regulations, building 
codes, and building materials. 

54132 Landscape 
Architecture 
Services     

This industry comprises establishments primarily engaged in planning and designing the development of  land areas for projects, 
such as parks and other recreational areas; airports; highways; hospitals; schools; land subdivisions; and commercial, industrial, and 
residential areas, by applying knowledge of  land characteristics, location of  buildings and structures, use of  land areas, and design 
of  landscape projects.

54133 Engineering This industry comprises establishments primarily engaged in applying physical laws and principles of  engineering in the design, 
development, and utilization of  machines, materials, instruments, structures, processes, and systems. The assignments undertaken 
by these establishments may involve any of  the following activities: provision of  advice, preparation of  feasibility studies, 
preparation of  preliminary and final plans and designs, provision of  technical services during the construction or installation 
phase, inspection and evaluation of  engineering projects, and related services.
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NACIS Name Description

54162 Environmental 
Consulting  

This industry comprises establishments primarily engaged in providing advice and assistance to businesses and other organizations 
on environmental issues, such as the control of  environmental contamination from pollutants, toxic substances, and hazardous 
materials. These establishments identify problems (e.g., inspect buildings for hazardous materials), measure and evaluate risks, and 
recommend solutions. They employ a multidisciplined staff  of  scientists, engineers, and other technicians with expertise in areas, 
such as air and water quality, asbestos contamination, remediation, and environmental law. Establishments providing sanitation or 
site remediation consulting services are included in this industry.

3251 Basic Chemical 
Manufacturing

This industry group comprises establishments primarily engaged in manufacturing chemicals using basic processes, such as 
thermal cracking and distillation. Chemicals manufactured in this industry group are usually separate chemical elements or separate 
chemically-defined compounds.

326191 Plastics Product 
Mfg.

This industry group comprises establishments primarily engaged in processing new or spent (i.e., recycled) plastics resins into 
intermediate or final products, using such processes as compression molding; extrusion molding; injection molding; blow molding; 
and casting. Within most of  these industries, the production process is such that a wide variety of  products can be made.

326 Plastics Pipe and 
Pipe fitting Mfg     

This U.S. industry comprises establishments primarily engaged in manufacturing plastics or fiberglass plumbing fixtures. Examples 
of  products made by these establishments are plastics or fiberglass bathtubs, hot tubs, portable toilets, and shower stalls

33999 Gasket, Packing, 
& Sealing Device         

This U.S. industry comprises establishments primarily engaged in manufacturing gaskets, packing, and sealing devices of  all 
materials.

33291 Metal Valve 
Manufacturing 

This industry comprises establishments primarily engaged in manufacturing one or more of  the following metal valves: (1) 
industrial valves; (2) fluid power valves and hose fittings; (3) plumbing fixture fittings and trim; and (4) other metal valves and pipe 
fittings

332912 Fluid Power & 
Hose Fitting Mfg     

This U.S. industry comprises establishments primarily engaged in manufacturing fluid power valves and hose fittings

333414 Boiler and Heat 
Exchanger Mfg     

This U.S. industry comprises establishments primarily engaged in manufacturing heating equipment (except electric and warm air 
furnaces), such as heating boilers, heating stoves, floor and wall furnaces, and wall and baseboard heating units.

3334 HVAC & 
Commercial Refrg 
Equipment

This industry comprises establishments primarily engaged in manufacturing ventilating, heating, air-conditioning, and commercial 
and industrial refrigeration and freezer equipment

3336 Turbine & Power 
Transmission Eqp       

This industry comprises establishments primarily engaged in manufacturing turbines, power transmission equipment, and internal 
combustion engines (except automotive gasoline and aircraft

3345 Control 
Instrument Mfg 

This industry comprises establishments primarily engaged in manufacturing navigational, measuring, electromedical, and control 
instruments. Examples of  products made by these establishments are aeronautical instruments, appliance regulators and controls 
(except switches), laboratory analytical instruments, navigation and guidance systems, and physical properties testing equipment.

334220 Communications 
Equipment Mfg     

This industry comprises establishments primarily engaged in manufacturing radio and television broadcast and wireless 
communications equipment. Examples of  products made by these establishments are: transmitting and receiving antennas, cable 
television equipment, GPS equipment, pagers, cellular phones, mobile communications equipment, and radio and television studio 
and broadcasting equipment.

334513 Industrial Process 
Instruments Mfg

This U.S. industry comprises establishments primarily engaged in manufacturing instruments and related devices for measuring, 
displaying, indicating, recording, transmitting, and controlling industrial process variables. These instruments measure, display or 
control (monitor, analyze, and so forth) industrial process variables, such as temperature, humidity, pressure, vacuum, combustion, 
flow, level, viscosity, density, acidity, concentration, and rotation

42332 Masonry Material 
Merchant Whls 

This industry comprises establishments primarily engaged in the merchant wholesale distribution of  stone, cement, lime, 
construction sand, and gravel; brick; asphalt and concrete mixtures; and/or concrete, stone, and structural clay products

4235 Metal and Mineral 
Merchant Whls  

This industry comprises establishments primarily engaged in the merchant wholesale distribution of  products of  the primary 
metals industries. Service centers maintain inventory and may perform functions, such as sawing, shearing, bending, leveling, 
cleaning, or edging, on a custom basis as part of  sales transactions.

42361 Elec. Equip. & 
Wiring Whls 

This industry comprises establishments primarily engaged in the merchant wholesale distribution of  electrical construction 
materials; wiring supplies; electric light fixtures; light bulbs; and/or electrical power equipment for the generation, transmission, 
distribution, or control of  electric energy.

4237 Hardware & 
Plumbing Whls  

This industry comprises establishments primarily engaged in the merchant wholesale distribution of  hardware, knives, or 
handtools

424610 Plastics Materials 
Merchant Whls   

This industry comprises establishments primarily engaged in the merchant wholesale distribution of  plastics materials and resins, 
and unsupported plastics film, sheet, sheeting, rod, tube, and other basic forms and shapes.
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NACIS Name Description

42373 HVAC Equip. 
Merchant Whls  

This industry comprises establishments primarily engaged in the merchant wholesale distribution of  warm air heating and air-
conditioning equipment and supplies

42374 Refrigeration 
Equip. Whls      

This industry comprises establishments primarily engaged in the merchant wholesale distribution of  refrigeration equipment 
(except household-type refrigerators, freezers, and air-conditioners)

42384 Industrial 
Supplies Whls  

This industry comprises establishments primarily engaged in the merchant wholesale distribution of  supplies for machinery and 
equipment generally used in manufacturing, oil well, and warehousing activities

424690 Chemical 
Merchant Whls   

This industry comprises establishments primarily engaged in the merchant wholesale distribution of  chemicals and allied products 
(except agricultural and medicinal chemicals, paints and varnishes, fireworks, and plastics materials and basic forms and shapes).

423823 Farm & Garden 
Equip. Whls   

This industry comprises establishments primarily engaged in the merchant wholesale distribution of  specialized machinery, 
equipment, and related parts generally used in agricultural, farm, and lawn and garden activities.

8132 Grantmaking and 
Giving Services    

This industry comprises (1) establishments known as grantmaking foundations or charitable trusts and (2) establishments 
primarily engaged in raising funds for a wide range of  social welfare activities, such as health, educational, scientific, and cultural 
activities

813312 Environment & 
Conservation

This U.S. industry comprises establishments primarily engaged in promoting the preservation and protection of  the environment 
and wildlife. Establishments in this industry address issues, such as clean air and water; global warming; conserving and developing 
natural resources, including land, plant, water, and energy resources; and protecting and preserving wildlife and endangered 
species. These organizations may solicit contributions and offer memberships to support these causes

81341 Civic & Social 
Organizations

This industry comprises establishments primarily engaged in promoting the civic and social interests of  their members. 
Establishments in this industry may operate bars and restaurants for their members

8139 Professional 
Organizations 

This industry comprises establishments primarily engaged in promoting the business interests of  their members. These 
establishments may conduct research on new products and services; develop market statistics; sponsor quality and certification 
standards; lobby public officials; or publish newsletters, books, or periodicals for distribution to their members

81393 Labor Unions & 
Organizations  

This industry comprises establishments primarily engaged in promoting the interests of  organized labor and union employees

52211 Commercial 
Banking   

This industry comprises establishments primarily engaged in accepting demand and other deposits and making commercial, 
industrial, and consumer loans. Commercial banks and branches of  foreign banks are included in this industry

5223 Credit 
Intermediation 

This industry group comprises establishments primarily engaged in facilitating credit intermediation by performing activities, such 
as arranging loans by bringing borrowers and lenders together and clearing checks and credit card transactions

523 Securities & 
Investments    

Industries in the Securities, Commodity Contracts, and Other Financial Investments and Related Activities subsector group 
establishments that are primarily engaged in one of  the following: (1) underwriting securities issues and/or making markets for 
securities and commodities; (2) acting as agents (i.e., brokers) between buyers and sellers of  securities and commodities; (3) 
providing securities and commodity exchange services; and (4) providing other services, such as managing portfolios of  assets; 
providing investment advice; and trust, fiduciary, and custody services.

5239 Other Investment 
Activities 

This industry group comprises establishments primarily engaged in one of  the following: (1) acting as principals in buying or 
selling financial contracts (except investment bankers, securities dealers, and commodity contracts dealers); (2) acting as agents (i.e., 
brokers) (except securities brokerages and commodity contracts brokerages) in buying or selling financial contracts; or (3) 
providing other investment services (except securities and commodity exchanges), such as portfolio management; investment 
advice; and trust, fiduciary, and custody services

54138 Testing 
Laboratories  

This industry comprises establishments primarily engaged in performing physical, chemical, and other analytical testing services, 
such as acoustics or vibration testing, assaying, biological testing (except medical and veterinary), calibration testing, electrical and 
electronic testing, geotechnical testing, mechanical testing, nondestructive testing, or thermal testing. The testing may occur in a 
laboratory or on-site

5414 Specialized 
Design Services  

This industry comprises establishments primarily engaged in planning, designing, and administering projects in interior spaces to 
meet the physical and aesthetic needs of  people using them, taking into consideration building codes, health and safety regulations, 
traffic patterns and floor planning, mechanical and electrical needs, and interior fittings and furniture. Interior designers and 
interior design consultants work in areas, such as hospitality design, health care design, institutional design, commercial and 
corporate design, and residential design. This industry also includes interior decorating consultants engaged exclusively in 
providing aesthetic services associated with interior spaces
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NACIS Name Description

54142 Industrial Design 
Services   

This industry comprises establishments primarily engaged in creating and developing designs and specifications that optimize the 
use, value, and appearance of  their products. These services can include the determination of  the materials, construction, 
mechanisms, shape, color, and surface finishes of  the product, taking into consideration human characteristics and needs, safety, 
market appeal, and efficiency in production, distribution, use, and maintenance. Establishments providing automobile or furniture 
industrial design services or industrial design consulting services are included in this industry

5416 Management & 
Technical 
Consulting  

This industry comprises establishments primarily engaged in providing advice and assistance to businesses and other organizations 
on management issues, such as strategic and organizational planning; financial planning and budgeting; marketing objectives and 
policies; human resource policies, practices, and planning; production scheduling; and control planning.

5417 Scientific R & D 
Services 

This industry group comprises establishments engaged in conducting original investigation undertaken on a systematic basis to 
gain new knowledge (research) and/or the application of  research findings or other scientific knowledge for the creation of  new 
or significantly improved products or processes (experimental development). The industries within this industry group are defined 
on the basis of  the domain of  research; that is, on the scientific expertise of  the establishment

611310 Colleges & 
Universities   

This industry comprises establishments primarily engaged in furnishing academic courses and granting degrees at baccalaureate or 
graduate levels. The requirement for admission is at least a high school diploma or equivalent general academic training. 
Instruction may be provided in diverse settings, such as the establishments or client's training facilities, educational institutions, the 
workplace, or the home, and through diverse means, such as correspondence, television, the Internet, or other electronic and 
distance-learning methods. The training provided by these establishments may include the use of  simulators and simulation 
methods

611210 Technical & Trade 
Schools   

This industry comprises establishments primarily engaged in furnishing academic, or academic and technical, courses and granting 
associate degrees, certificates, or diplomas below the baccalaureate level. The requirement for admission to an associate or 
equivalent degree program is at least a high school diploma or equivalent general academic training. Instruction may be provided 
in diverse settings, such as the establishments or client's training facilities, educational institutions, the workplace, or the home, and 
through diverse means, such as correspondence, television, the Internet, or other electronic and distance-learning methods. The 
training provided by these establishments may include the use of  simulators and simulation methods
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