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Abstract
With urban populations burgeoning, water demand growing in the agricultural,
energy and industrial sectors, and climate change intensifying droughts, waterscarce cities are challenged with maintaining a water secure future. Through a
self-developed Water Security Index (WSI), this paper evaluated the role of
wastewater reuse in defining city water portfolios. The index was then applied to
four water scarce cities to evaluate the different components of a resilient water
system and the potential of wastewater reuse in boosting water security. Data
gathered showed that wastewater reuse contributed small percentages to water
portfolios. The index suggested that wastewater reuse (toilet to tap) has potential
to increase a city's potable supplies and that cities with diversified water
portfolios scored higher in the WSI. Thus, this paper concluded that the adoption
of wastewater recycling and reuse is essential in adding to diversity of water
sources to build a resilient water system.
Keywords: wastewater reuse, water security, urban resilience, closed loop urban
water system
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Chapter 1: The Paradox of Water
“Only what is rare is valuable, and water, which is the best of all things…is also
the cheapest.” Plato
Since the drafting of the Dublin Statement on Water and Sustainable
Development in 1992, the potential detrimental impacts of water insecurity on
society, the economy and the environment has gained more traction. Moreover,
the management of our finite water resources has become of critical importance in
water discourse. The majority of our economic drivers -agriculture, industries,
and energy- rely heavily on water as an input. As an economic good, water
translates to life: the energy we use, food we consume, and water we need for
basic survival. Therefore, without sufficient and high quality water, economic
growth is threatened.
With urban populations burgeoning, water demand growing in the
agricultural, energy and industrial sectors, and climate change intensifying
droughts, water-scarce cities are challenged with maintaining a water secure
future. UN-Water defines water security as the “capacity of a population to
safeguard sustainable access to adequate quantities and acceptable quality of
water for sustaining livelihoods, human well-being, and socio-economic
development, for ensuring protection against water-borne pollution and waterrelated disasters, and for preserving ecosystems in a climate of peace and political
stability (UNU-INWEH, 2013, p.1).” Currently, approximately one billion people
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live in water-scarce regions (WRI, 2018). By 2025, an estimated 3.5 billion
people could experience water scarcity (WRI, 2018).
Despite the increasing water scarcity, as a result of changing weather
patterns and poor/insufficient infrastructure investments, demand and supply
imbalance, our outlook on water’s value, and weak water laws, water tends to be
priced relatively cheap. To pump 113 million litres (113,000m3) of water,
approximately 45 Olympic-sized swimming pools, Nestle pays the U.S. Forest
Service in San Bernardino California, in all seasons including during droughts, a
mere annual fee of $524 (Bloomberg, 2017). Even though clean and safe water is
a human right and should be available to all, it is disproportionately distributed,
physically and politically.
For centuries, notable philosophers and economists such as Plato,
Aristotle, Adam Smith, and John Locke have posited that water does carry
economic value. Moreover, essential global water documents such as the Dublin
Statement have also recognized water as an economic good (World
Meteorological Organization (WMO), 2018). Water is a valuable asset due to its
inherent usefulness and lack of substitutes. However, its cost value does not
match its high utility. Adam Smith refers to this perplex situation as the waterdiamond paradox. Even though diamonds have a low value in use, they carry a
high value in exchange, whereas water holds high value in use but low value in
exchange (Hanemann, 2006). Why, then, is water not priced relative to its value?
Can its value be measured?
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Water is priced primarily based on infrastructural and operating costs
rather than scarcity value (Hanemann, 2006). While pricing is necessary for
infrastructural upkeep, it also sparks concerns of equity and access. Can water be
reasonably priced to ensure efficient use especially as resources diminish and
demand expands? How much are people willing to pay for their water before it
becomes a deprivation of human rights? Some scholars including Glennon (2004)
and Millerd (1984) suggest that water should be priced at its opportunity cost to
lower consumption. As consumption increases, so would the rate charged
(Glennon, 2004). Another proposal is a two-price pricing method (fixed rate and
charge per unit). In this case, there would exist a quota whereby the first 30 litres,
a daily necessity for every individual, is free and any water used above that cap is
priced accordingly (Bloomberg, 2017). Newer pricing models being adopted to
account for equality involve charging water tariffs in relation to income earned.
Philadelphia is the first U.S. city to charge water bills according to residents’
income. Their tiered assistance program (TAP) assists households earning 150%
below the federal poverty line to afford their water bills (City of Philadelphia,
2017).
How we price water influences our relationship with water. High demand
and supply of water is based on the subjective preferences of consumers and
market price of the good. Water as a normal good becomes less elastic as income
increases. As income increases, so does the proportion available to water
expenditure and in turn less sensitivity to water consumption. Billings and Jones
(1996) highlight that their assessment of 27 studies on the relationship between
4

water use and personal income found that a 10% increase in real income results in
an average of 4.5% increase in urban water demand. In addition, as we become
wealthier, increased consumption occurs as water-consuming technologies and
possessions such as dishwashers and bigger lawns become more affordable.
Outdoor uses of water such as lawn watering and swimming pools are more
elastic than indoor uses such as cooking and bathing (Billings & Jones, 1996).
Elasticity is measured as the instantaneous rate of change of quantity
consumed divided by the rate of change in the price of water. Higher elasticity
describes an instance where the increase in price of water would result in decrease
in water consumption. Water as an inelastic good means that an increase in price,
with all else held constant, would not ignite a large change in water demanded.
Water is essential to human needs and economic growth. Therefore, higher prices
would not deter most from purchasing water. Nevertheless, pricing water is
argued to generally decrease demand and encourage less wastage.
If the price of water significantly increases, water will be directed to
higher priority needs such as drinking use rather than watering lawns. High
volume users such as farmers or those with large lawns and pools would have a
high demand elasticity, that is they would consume less water due to an increase
in price (Billings & Jones, 1996). Nevertheless, when water is priced at higher
prices, high water consumption would still occur until a certain point. Water is
essential in farming and life, hence, its low price elasticity. The economics of
water is complex. The lack of recognition of the value water possesses (inherently
and economically) leads to waste, which in turn contributes to water insecurity.
5

What Water Scarcity and Stress Mean to a City
Figure 1. Summary of contributors to water insecurity
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UN Water defines water stress as the drop of annual water supplies below
1,7000m3 per person and water scarcity occurs when annual water supplies drop
below 1,000m3 per person (UN Water, 2013). Water scarcity and stress, which
encompass water insecurity, are driven by profligate use of water, climate change,
weak policy, and growing populations (Figure 1).
Water insecurity can lead to a plethora of challenges including population
health risks, infrastructure failure, conflict, social unrest, and economic slowdown
(Cullis, 2018). Cape Town is currently faced with the possibility of citywide
shutdown of all piped water due to the limited supply. If day zero arrives, limited
drinking water could result to direct health risks. Residents could turn to
greywater use to meet water demands, thus exposing themselves to poor quality
water (Cullis, 2018). Consequentially, wastewater treatment plants would fail due
to lack of sufficient wastewater flowing through pipes. Limited water supplies
also often lead to conflict. As supplies dwindle, competing interests between users
aggravates, which can lead to conflict as has been the case in different parts of the
6

world such as the Indus Waters dispute between Pakistan and India. Furthermore,
water insecurity can cripple economic development. Business development in
Namibia was minimized due to insufficient water resources to keep factories such
as the Coca Cola Company running (Grobler, 2016). Instead, Coca Cola moved
business from Namibia to neighbor South Africa.

Water Scarcity Mitigation
Figure 2. Summary of water security strategies to curb water insecurity

Behaviour
Conservation
through Pricing

Economics
Water
Markets

Water
Portfolio
Strategies

Water Recycling
and Reuse

Innovation
Desalination

As our relationship with water begins to shift due to increased threats of
water crises, we slowly start to understand that the price we place on water does
not match its value. With Cape Town making the headlines as possibly the first
city to run out of water, it is imperative that cities reflect and assess their
preparedness for water scarcity emergencies. Various cities have followed three
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basic paths (Figure 2) to diversify their water portfolios and increase water
security: innovation, behavior, and economics. Solutions to water scarcity have
often centered on innovative supply driven, cost-intensive adaptation strategies
such as desalination rather than on demand-control policies such as water pricing
and trading. The sustainability and efficiency of some of the approaches such as
desalination are continuously being questioned and studied.
Today, price mechanisms (economics) are being adopted in some places to
alter high water consumption behavior. In other regions, particularly in the
Middle East, water pricing remains a politically charged issue. Water is often
highly subsidized, more so for agricultural farmers than urban residents, hence a
reluctance to conserve. Underpricing water by imposing high subsidies gives the
false perception of abundance and encourages use of water in low priority sectors.
On the other hand, removing or reducing high subsidies leads to political tension.
Another economic option being employed in water security strategies
includes water markets. Water markets through their incentivization appeal
encourage water conservation. Through an established system of water rights,
which exists in many water scarce regions such as Western United States,
Australia, Chile, and Spain, markets are used to redistribute water to high priority
users. Water is traded from low priority users to high priority users. Cities in
Arizona such as Phoenix have leased water from surrounding tribes and bought
agricultural land to acquire water rights in order to safeguard water supplies for
their burgeoning population. Other conservation programs that use incentivization
to alter behavior include rebate programs. Various cities such as Atlanta, Georgia
8

and Las Vegas, Nevada have adopted rebate programs for low flow toilet
installation or xeriscaping to reduce water consumption by residents (USGS,
2016; World Bank, 2018). Easter (2014) refers to the economic toolkit (pricing,
water markets, and privatization), as an effective water management strategy.
Wastewater recycling is still an underutilized water augmentation strategy.
Wastewater is estimated to contain 99% water and 1% dissolved and suspended
solids (UN Water, 2017). However, according to World Water Assessment
Programme (2017), about 80% of global wastewater is not treated or recycled.
However, as cities water stress levels exacerbate, wastewater reuse is explored as
an alternative water source for different sectors (agricultural, industrial, and
municipal). More so, reuse for non-potable use than potable. Notwithstanding,
wastewater reclamation for potable purposes is becoming a more plausible route
with the advancement of technology. Cities and places such as Singapore,
Windhoek, and Orange County, California have successfully integrated
wastewater reuse into their drinking supplies, while others such as San Diego are
investing in adding reuse for potable supplies to their water portfolios (Metcalfe,
2017). These cities serve as pioneers for a safe, cost effective, and
environmentally friendly alternative water source (Eshed, 2017). Although
preference lies in indirect potable reuse, where an environmental buffer is used to
prevent direct flow of recycled water into distribution networks, direct potable use
is gaining acceptance as a more economically viable option (Lanhsteiner,
Rensberg, & Esterhuizen, 2017). To increase wastewater reuse, consumer
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behavior will have to make a major shift. Until then, wastewater reuse remains an
untapped resource for urban water security.

Problem Statement
As population increases and climate change exacerbates, cities under
water stress are facing the challenge of ensuring their water reserves sustain future
urban water demand. Solutions adopted tend to be centered on conservation
measures and cost-intensive supply driven solutions particularly desalination. The
potential of wastewater recycling as an ancillary strategy to increase potable
supplies in cities rarely enters water security discourse. Currently, out of the
millions of gallons of wastewater produced, only a small percentage is treated and
recycled back into the urban water cycle.

Research Questions
1. How are cities preparing for growing urban water demands in water scarce
landscapes? What strategies are cities putting forth to avert water scarcity
risks?
2. What impacts have the adopted strategies had on water savings and
supply?
a) Why is water recycling not as extensive or as invested in as other
supply driven solutions such as desalination?
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b) What is the conversation around water reuse? How is it presented?
Could this possibly be influencing citywide adoption (local and
individual level)?
4. How can lower-income cities with limited financial capacity for costintensive engineering solutions protect themselves against water scarcity
emergencies?

Objectives
1. This paper analyzes various city water plans, city budgets, and policy
strategies to gain a better understanding and provide empirical analysis of the
impacts of cities’ strategies in promoting water security.
2. In comparing the various approaches adopted, this paper also seeks to
comprehend the role, opportunities, and projected benefits of water reuse to
the water supplies of global economies.
3. Wastewater recycling is often presented as a viable method to increase
freshwater supplies across nations of varying incomes. However, volumes of
recycled water are underrepresented in water portfolios. To understand why
water reuse is not extensively adopted as a water security strategy, this paper
investigates its challenges.
4. Adaptation strategies differ not only in nature (augmentation, recycling
and conservation), but also amongst the various income levels of cities.
Higher income cities are more likely to invest in augmentation technologies
such as desalination, whereas lower-income cities are limited in their
11

adaptation strategies. Therefore, this paper also evaluates water reclamation as
an innovative less cost-intensive solution and strategy for cities with smaller
financial budgets.

Relevance
This study contributes to existing literature on water security. It provides a
global perspective on how different cities from diverse regions and of varying
financial capacity are planning for uncertain water futures. It also postulates a
possible urban water security index framework to measure water security levels of
cities and the impact of wastewater reuse on supply augmentation. The proposed
index can be adopted to help drive policies that promote wastewater reclamation
as vital strategy. It can also assist in decision-making in water planning processes
and assessment of water scarcity risk preparedness and next steps.

Scope of Research
Although agriculture is the major consumer of water resources, discussion
on agriculture’s role is limited as the focus of this paper is on the urban water
landscapes. This research analyzes water security strategies of four cities due to
the projected population growth of urban centers and corresponding urban water
demand in the coming years. The selected cities represent the global challenges of
physical water scarcity (primarily blue water, fresh surface and groundwater
supplies, that is, lakes, rivers, and aquifers).
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Outline
This paper begins with a literature review on water insecurity and various
adaptation and water management approaches. Next, a brief background on water
cycles within urban fabrics follows. This section illustrates the processes at work
to deliver our drinking water and what happens to resulting wastewater produced.
Chapter 3 examines the methodology used to carry out the study on wastewater
reclamation’s significance in water security. Using four cities located in water
scarce regions, I analyze their water security strategies and developed a metric to
measure their adaptive capacity to ensure a water secure future for future
generations in Chapter 4. This metric also helps in evaluating the role of
wastewater recycling in urban cycles and its potential to augment supplies in
Chapter 5. The paper ends with a look at the potential of toilet to tap as a water
reclamation strategy and the barriers in achieving water security through
reclaiming water for potable purposes.
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Chapter 2: Literature Review & Methodology
About 1.2 billion people live in areas affected by physical water
scarcity (UN Water, 2013). Since the drafting of the Dublin Statement, water
scarcity has been highlighted, as one of the biggest challenges facing
society. Particularly vulnerable are countries in the Middle East and North Africa
(MENA) region, central Asia, and southern Africa (Rijsberman, 2006). Countless
documents reverberate these sentiments as climate change intensifies droughts
and water demands heighten due to growing populations and expanding
agriculture and water-intensive industries (Bjornlund & Rossini, 2010; Kummu et
al., 2016; Salvaggio, Futrell Batson, & Brent, 2014). A number of
factors contribute indirectly and directly to water scarcity including physical
shortage, institutional failure and resource mismanagement, low pricing, and nonrevenue water caused by inadequate infrastructure (Debaere et al., 2014; Kummu
et al., 2016; UN, 2013).
The Aral Sea in Central Asia serves as an example of the significant
impacts poor water planning and mismanagement can have on a vital
environmental resource, a place and its people. Years of diverting river water for
agricultural purposes deprived the Aral Sea of vital water resources and led to the
eventual diminishing of water levels and rise in salinity (Small & Bunce, 2003).
Water levels dropped from 68,000km2 to 14,280 km2, approximately 44,000km2,
between 1960 and 2010, while salinity increased from10g/L to 130 g/L within the
same time frame, about twice the amount in the world’s oceans (Gaybullaev,
Chen, & Gaybullaev, 2012; Small & Bunce, 2003). Similarly, hydrologists warn
14

that, if not managed, current water consumption alongside climate change effects
could see Lake Mead wane by 2021 (Salvaggio et al., 2014).
To avoid future devastating effects of water resource mismanagement,
various policies as well as technologies have been drafted and developed to
mitigate water scarcity. The focus on water management has often relied on
supply-centered techniques such as desalination to deal with water imbalance
(Chong & Sunding, 2006; Salvaggio et al., 2014). Currently, desalination supplies
about one percent of the world’s drinking water, serving more than 300 million
people (Voutchkov, 2016). The Gulf Cooperation Countries (GCC) heavily
invests and increasingly relies on desalination to augment water supplies (Amery,
Islam, & Cahan, 2017). However, desalination has proved to be costly, energyintensive, and some argue detrimental to the environment (Hukoomi, 2018; World
Bank, 2018). On the other hand, desert cities in Nevada and California have
relied more on water transfers from distant resources such as the Colorado River
(Salvaggio et al., 2014).
While supply-centered approaches have dominated water management,
policies and technologies that target change in demand and water use patterns
are increasingly playing a bigger role in redefining water scarce cities such
as Las Vegas and Los Angeles. Demand-side strategies are a recent development
in some cities such as Las Vegas, where policies limiting consumption were
implemented since 2003 (Salvaggio et al., 2014). In Las
Vegas, programmes promoting water use restrictions and switch from grass lawns
to xeriscaping have led to urban water savings of more than 29% (Salvaggio et al.,
15

2014). While in California, retrofitting toilets with low flush toilets as well as
planting water efficient landscapes are some of the policy changes adopted over
the years (Environmental Protection Agency (EPA), 2002).
Other approaches taken to mitigate water scarcity include the reduction of
water subsidies and water pricing. Institutional cost based pricing of water in East
Germany between the years 1989 and 1994 resulted in the decrease of water
consumption from 400 to 120 litres per capita per day (Serageldin, 1996). With
demand at 170% higher than available water resources, cities in the Arabian
Peninsula have had to revise their water strategies, which primarily depend on
desalination (Amery, Islam, & Cahan, 2017). The introduction of water bills in
Kuwait proved unpopular with residents. Only through strict enforcement, which
meant shutting off water supplies to bill defaulters, did water bills get
paid (Amery, Islam, & Cahan, 2017). Despite these efforts, high subsidies
continue to deter major behaviour change amongst consumers (Amery, Islam, &
Cahan, 2017). A study on the application of water subsidy cuts in Morocco and
Tunisia suggests that impacts of higher water prices differ across countries.
Whereas the introduction of higher water prices in Tunisia presented public
savings, there were overall negative effects in Morocco, which largely relies on
agriculture to boost its economy (Thabet, n.d.). Moreover, reduction of water
subsidies had negative impacts on rural households in Tunisia.
Gaining more attention, as cities and industries seek more conservation
options, are water markets. Formal water markets function under a system of trade
whereby water rights (or entitlements in Australia) are sold permanently or
16

temporarily. A farmer may permanently trade/sell their water rights/entitlements,
lease their water rights for a season, or physically transfer a portion of water they
hold, through canals, to another high priority user or sector. For example, water
transferred from the agricultural sector to the urban sector. Water markets are
promoted as an adaptive response to climate change (Easter, 2014). Although
water markets have not been studied as extensively as other water management
efforts, they are still often cited as an effective market environmentalism tool for
managing scarce water resources among the urban, industrial, energy, and
agriculture sectors’ competing interests (Easter, 2014). Devolved formal water
markets are popular due to the view held of their Pareto efficiency effect, where
water is fairly allocated to those who value it the most; hence, optimal water
allocation is achieved (Chong & Sunding, 2006; Colby & Bark, 2011; Fargher,
2011).
A study by Grafton et al. (2010) on trades within 12 western US states
found that trades between 1987 and 2008 increased from 91 to 287 trades, of
which majority of the new trades where between the agricultural sector and urban
users (Rosegrant, Ringler, & Zhu, 2014). Australia’s National Water Commission
(NWC) also states that during droughts, water from South Australia’s trading
system has enabled the management of urban supplies in cities such as
Adelaide (Fargher, 2011). Trading is beneficial to both municipalities and
agriculturalists. A study by the NWC shows that water trading enables the
survival of certain agricultural practices such as horticulture of almonds and wine
grapes during droughts (Fargher, 2011).
17

Bjorlund and Rossini (2012) also note that markets have allowed low
value producers to reduce economic hardship due to declining seasonal water
allocation either through purchasing more water entitlements or selling their
entitlements. Farmers whose yields would suffer from drought are incentivized by
the greater economic returns made by selling their water portions. However, for a
water market to thrive, a mix of industries as well as a diverse mix of agricultural
industries with different water demand is required (Fargher, 2011; Easter,
Rosegrant, & Dinar, 1999). Other limitations of implementing water markets
include the lack of sufficient infrastructure and high conveyance costs (Chong &
Sunding, 2006). The high costs to transfer water means that water transfers
mostly occur within the same sector, especially agricultural, than between
different sectors such as agriculture to urban or industry to agriculture (Chong &
Sunding, 2006).
Last but not least, recycling water is slowly getting recognition as a water
security tool. However, tracking global progress of reuse is difficult due to the
lack of data. A study analyzing wastewater data and literature found that of the
181 countries reviewed, only 55 countries had complete data and 69 had partial
information (Sato et al., 2013). Fifty-seven countries had no information and 37%
of the available information was recent, 2008-2012 (Sato et al., 2013). The rest of
the data was outdated. Besides the lack of data, data presented by research (FAO,
2016; Jimenez & Asano, 2008; Sato et al., 2013) tends to be on a national or
regional level. No literature reviewed presented city-level data.
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Of the few countries that treat and recycle wastewater, very few
recycle an exceptional amount of wastewater. For example, Israel reuses 70% of
the wastewater it generates in its domestic sector for agricultural irrigation (Sato
et al., 2013). Israel initiated wastewater reuse into its national policy in the 1960s
as a means to reduce impacts of water scarcity (Arlosoroff, 2007). Other cities
treat their wastewater in some form, but few recycle it back into the urban water
cycle. Of the 75% wastewater that is treated in North America, only 3.8% is
reused (United Nations University, 2013). Trends are similar in other countries
such as Spain, where 4% of urban wastewater is reused (Sato et al., 2013).
Wastewater reuse’s lack of prevalence can be attributed partly to the tendency to
omit it in national water policies (Jimenez & Asano, 2008).
Nevertheless, water scarcity is pushing countries to recognize its untapped
potential in meeting future water demands (Jimenez & Asano, 2008; UN Water,
2003). Waughray (2011) proposes diversifying from traditional water supply
sources to integrated solutions such as wastewater reuse to meet water needs.
Despite its omission in policy development, there is general agreement in
wastewater reuse as an untapped resource and a step towards a holistic approach
to water management (Jimenez & Asano, 2008; Sato et al., 2013; UN Water,
2013; Waughray, 2011; World Bank, 2018).
Overall, without diversity a resilient urban water system fails to exist
(Holway, 2009). Responsive and functional diversity have been key in future
water plans. A responsive system ensures that the different approaches to water
security have different thresholds and behave differently under future conditions
19

(Holway, 2009). Functional diversity encompasses the investment in a variety of
adaptive mechanisms to meet supply and demand needs (Holway, 2009). The
Southern Nevada Water Authority’s (SNWA) water plan highlights the
importance of diversification of a water supply sources to surcease risks carried
with dependence on a single water source (SNWA, 2017). A diverse portfolio
provides flexibility to increase adaptive capacity of a water system experiencing
climate change and demand stresses (SNWA, 2017). In essence, SNWA’s plan
promotes increasing responsive and functional diversity. The various water plans
and literature analyzed generally agree that diversity is a key element to building
a water secure future (Holway, 2009; SNWA, 2017; Melbourne Water, 2018;
Waughray, 2011).

20

Methodology
Selection
The four cities selected for this study were Doha, Cape Town, Las Vegas,
and Melbourne. The cities analyzed were selected based on several criteria
including their baseline water stress, drought conditions, and population size and
income variations.
Baseline water stress. Baseline water stress is the ratio of total annual
water withdrawals to total available annual renewable supply, accounting for
upstream consumptive use (Gassert, Luck, Landis, Reig, & Shiao, 2015). Besides
Las Vegas, all three cities are in regions of extremely high baseline water stress of
greater than 80% (Gassert et al., 2015). Las Vegas is in an area of low to medium
baseline water stress, 10-20% (Gassert et al., 2015). Furthermore, Doha,
Melbourne, and Cape Town all had high physical water quantity risks, while Las
Vegas had a medium risk level (Gassert et al., 2015). Results returned from
WRI's Aqueduct on Las Vegas are representative of the Colorado Basin, which is
less stressed in comparison with the city, which heavily relies on imported water
from the Colorado Basin.
Drought. Cape Town was selected due to its high water stress as well as
its current drought crisis to understand how crucial water security strategies are
and what role they can play in future crises. As a city that has undergone the
Millennium drought, Melbourne was selected to showcase how cities that have
faced similar situations (of chronic drought) to Cape Town have been able to
strategize and survive high water stress situations. As rapidly growing economies
21

situated in deserts, Doha and Las Vegas were selected to exemplify how desert
cities that are landlocked and those that are not ensure constant water supply.
Doha receives little to no rainfall, while Las Vegas relies heavily on water from
basins in other regions, a move that could be risky should supplies dwindle,
competing interests increase and political relations fragile.
Income levels. The cities also represent different income levels, based on
city budgets, to provide an understanding of how cities of different economic
standing are dealing with water insecurity. Income as a parameter gives us the
perspective of equity and constraints to strategy development. These four cities
provide an understanding of regional variance in water security adaptation
strategies. Table 1A provides a summary of the various population sizes,
consumption per capita, and operating budgets.

Logic of case
Using water plans written and developed by the four cities, I analyzed
steps being taken in water scarce regions to safeguard water security. In
examining the water strategies used by different cities, I noticed that many cities
adopt and invest in policy/technology, such as augmentation (desalination),
conservation (water markets) and recycling. I then focused on collecting
information on how important wastewater is to the water security strategy of some
cities. I gleaned my data from websites operated or managed by the respective
city governments or national governments of those cities, public sources including
the U.S. Census Bureau, reports published by Melbourne Water, the City of Las
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Vegas, the City of Cape Town, and Southern Nevada Water Authority (SNWA),
and the Ministry of Development Planning and Statistics-Qatar.

Water Security Index (WSI)
The Water Security Index (WSI) was developed to capture the water
security or insecurity of a city. It is also meant to show how well a city is
preparing for the future. The four variables that this paper used to derive the WSI
are diversity of water sources (D), storage capacity (SC), surplus production
capacity of treatment plants (SPC), and population growth rate (PG). The Surplus
Production Capacity of Treatment Plants takes into consideration the annual
production capacity of all treatment plants and divides it by the annual water
needs of the city to determine how months the surplus can last. Storage capacity
takes considers only existing storage space. Additional data is required to take
into consideration plans to expand the storage capacity in the future. The storage
capacity is also measured in number of months the water is projected to last. It is
calculated by dividing the storage capacity in months by the consumption in
months.
With regards to diversity of sources of water, I counted the number of
different sources of water available to a city. Each source received one point. All
surface water, regardless of the different lakes and rivers, were lumped as one and
received one point if they contributed to water supplies. Population Growth Rate
was calculated using the following formula: 𝑃𝐺 = [ 2010 𝑃𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛 −
2000 𝑃𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛 ÷ 2000 𝑃𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛] ×10. The final Water Security Index
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was derived using the formula D + SC + SPC – PG. A high total WSI score
means the city has a high probability of being water secure. A lower score
indicates that the probability of being water secure is low. Using an inductive
reasoning, I assessed the results produced to understand the role and salience of
water reclamation for potable uses in water security plans. The WSI was
developed with a focus on the ways in which changing human needs will impact
the water security of cities. It is intended to be simple for planning departments to
be able to calculate their own water security index when they are thinking about
how to build a more sustainable and water secure future city.
The basic version of the WSI is by no means a perfect model. This model
does not capture all the correlates of water security preferences, such as
connections to water supply and sewage, and must be treated as an ideal-type.
However, this paper attempted to propose a framework that can reduce complex
reality down to a fundamental level. Future researchers, including the current
researcher, can improve upon this index.

Presentation
Data and information gathered on city budgets, different water sources,
population size, water consumption, storage capacities, and wastewater treatment
capacity and current wastewater recycled is presented using simplified tables.
Calculations of the different values on the water stress index were carried out in
Excel.
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Limitations and Delimitations
1. Inconsistent data: data used are from various sources and years. Therefore, the
data have undergone different methods of collection.
2. Data used were self-reported, from governments; therefore, they could be
bias.
3. Findings cannot be generalized to all cities of similar size or economic
standing.
4. The use of water per capita as a measure of consumption is theoretically
desirable. Inaccuracies in water per capita likely exist due to factors such as
inconsistent accounting for industrial and commercial use and the lack of
accounting for aspects of water price, industrial mix, household income, and
housing stock. Therefore, use per capita does not accurately reflect availability
or access to water per person.
5. There is no uniform or widely accepted and applied metric to empirically
measure institutional capacity.
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Chapter 3: Urban Water Cycle
Water discourse in the urban context can neither be isolated to one locality
nor one sector. Considering the interconnectedness of water within the global
ecosystem as well as the water-energy nexus, it is important to address water
security bearing these relationships in mind. The amount of water that runs in a
system is not limited to water resources existing within one geographical
boundary. Water is often transferred from other regions through water transfer
systems and virtually through imported goods. Therefore, water scarcity affecting
one city can have impacts on another. Additionally, water depends on a large
amount of energy. About 30-50% of energy used in city services is to pump and
distribute potable water (Westerhoof & Crittenden, 2009).
Before discussing strategies cities can adopt to ensure water security, it is
imperative to understand how water circulates within an urban fabric. Globally,
municipalities consume approximately 500km3/year (500 trillion litres/yr) of
water (estimated from Figure 3), about 12% of water withdrawn globally (FAO,
2016).
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Figure 3. Global water distribution among different sectors

Source: FAO AQUASTAT, 2016

3.1 Who owns the city’s water?
Different cities have different legislations in place to allocate water
resources. They also have multiple stakeholders holding rights to water access.
Many cities run on common law to ensure access to sufficient, safe, and clean
water that meets regulated standards for consumption and general use. Under
water law in the United States, water is generally governed under three types of
water rights. With the exception of California, which has an additional water
right (pueblo rights), most U.S. states define and regulate the use and protection
of surface and groundwater under riparian, prior appropriation, or reserved water
rights.
Riparian rights, adopted from English property rights, give a landowner
the right to use (not own) water abutting their land (King, 2004). In essence,
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riparian owners are entitled to usufruct, the enjoyment and reasonable use of the
natural flow of a watercourse adjacent to the land. When water is scarce, use is
determined with respect to the ability of other riparian owners to make
simultaneous reasonable use of the highly variable water resources (expanding
and contracting with the number of users and with the varying flow of the
stream). Riparian rights are appurtenant, they pass with title to the land, and
therefore, they cannot be lost through non-use (King, 2004). Prior appropriation
involves giving senior rights to initial riparian owners who use the water for
beneficial and reasonable purposes. Senior rights holders are those that acquire
water rights prior to future users, junior appropriators (FindLaw, 2018).
Land ownership rights are often unbundled from water rights, meaning
water rights are property rights that exist independent of land ownership, and
legislation of water rights lies with the state. Those who fail to consume water for
beneficial purposes lose their water rights (King, 2004). When water is scarce,
those with senior rights take precedence over junior appropriators. In Australia, a
similar unbundled system exists, allowing water to be traded either permanently
through water entitlements or temporarily as water allocations through
municipalities (Turral, 2005).
Reserved water rights are set aside by the federal government to meet the
needs of federally controlled land such as reservations, forests, and national parks
(Foster, 1978). Reserved rights are implied to include both surface and
groundwater and unlike riparian rights, they cannot be lost through non-use (Katz,
2017). Different to other reserved rights, tribal reserved rights give ownership
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rights to the tribes and the federal government acts merely as a trustee (Foster,
1978).
Besides being governed by laws, ownership of water is also defined by its
dual characteristics. Water bestrides between being a private as well as a public
good. As a public good, water has no competitors in consumption and is nonexcludable (Hanemann, 2006). In summary, one person’s increased consumption
does not affect amount available to others. For example, water in situ, used for
various activities such as rivers for kayaking, is a public good. On the other hand,
as a private good, water is excludable and rivalrous, meaning one’s consumption
prevents others from consuming it. Water used at home, in a factory, or bought as
water rights, are some of examples of how water can exist as a private good
(Hanemann, 2006).
In regions with well-established water rights such as the Western United
States, water rights holders can carry out water extraction. Usufructuary rights
have long allowed landowners to abstract water from surface water that abuts
their land. An usufructuary right is defined as “the right of enjoying a thing, the
property of which is vested in another, and to draw from the same all the profit,
utility and advantage which it may produce, provided it be without altering the
substance of the thing,” (Legal Dictionary, 2018). Usufructuary rights enable
water to exist as both a private good and a public good. As a public good, water is
susceptible to the effects of free riders, those who consume more of the common
resource than others, for example, Nestle who pays less than their fair share of the
shared resource. In some states such as Texas, the existence of “absolute capture”
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means landowners can extract all the groundwater they want (Bloomberg, 2017).
Laws that fail to limit our consumption and encourage valuing of water promote
profligacy and contribute to water insecurity.
3.2 Mapping the Water Cycle: Where does the city’s water come from?
Figure 4. The general urban water cycle of cities across the world
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**The broken lines represent connections that are characteristics to few global water systems.
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The urban water environment consists of multiple interconnected parts as
shown in Figure 4. City water is often collected from seawater, groundwater
and/or surface water. Seawater is converted to potable supplies through reverse
osmosis desalination. Instead of reverse osmosis, some desalination plants use
thermal processes such as multiple effect distillation, vapor compression, and
multi-stage flash, which is usually connected to a power plant. Others use reverse
osmosis membrane processes, electrodialysis or a hybrid of plants that adopt
different processes (Gulf Cooperation Countries (GCC) General Secretariat,
2014). Water from desalination feeds households directly through distribution
networks.
Groundwater, surface water or imported water is first transported to
storage facilities (water catchment areas such as reservoirs). Through a pipe
distribution network it travels from the reservoir to a water treatment plant where
it is purified to acceptable standards. Water that flows into treatment plant
undergoes sedimentation, filtration, chemical disinfection to remove all inorganic
particles and biological pathogens (Westerhoof & Crittenden, 2009). These
standards are often determined within the local jurisdiction. Potable water is then
driven, with the help of pumps and gravity to points of use in various settings
such as agriculture, industry, residential, and commercial. Water that evaporates
and that which is delivered but not used, also known as consumptive use, is
discharged back to the environment.
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3.3 Where does my pee go?
As much water flows into residential, commercial, and industrial spaces as
the billions of gallons that flows out as wastewater. While technology has
advanced to levels that allow us to convert our wastewater to potable water (liquid
gold), few countries reuse their urban wastewater. Instead, majority of cities dump
the wastewater into water bodies. In several cities, predominantly low-income
cities, wastewater treatment is a missing process in a city’s water system and
wastewater is released as raw sewage into water bodies, a huge public health
concern to city residents (Zaidi, 2007). In the United States, billions of gallons of
treated wastewater are released along the US coasts. According to the
Environmental Protection Agency (EPA), the US also has 75,000 sanitary sewer
overflows per year resulting in the discharge of 3-10 billion gallons (about 11 to
38 million m3) of untreated raw sewage into water, an equivalent of 15,200
Olympic-sized swimming pools (Westerhoof & Crittenden, 2009). The overflows
pose public health risks (Westerhoof & Crittenden, 2009).
In cities with bigger fiscal capacity for advanced treatment plants,
wastewater is treated to high standards including potable levels and redistributed
back in the system (closed loop system). Water that is used and released as waste
is flushed into the sewerage system where in some cities it is treated in a
centralized wastewater treatment (WWTPs) plants. In some WWTPs,
sedimentation to remove debris and reverse osmosis (RO) to remove traces of
organics and salts are steps undertaken to treat water to acceptable levels before
disposal into water bodies such as bays (Westerhoof & Crittenden, 2009). Other
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wastewater treatment plants use nanofiltration, electrodialysis, microfiltration, and
ultrafiltration membrane processes to separate fine particles from liquids
(Cheremisinoff, 2002). Primary treatment removes 60% of total suspended solids
(TSS), while secondary treatment can remove more than 90% TSS (USGS, 2016).
Water, whether in its purest form or as wastewater, holds great value.
With advancement in technology, economies can increase the utility of
wastewater and reduce waste by recycling water back into the system. Investing
in a closed loop water system could lead to a number of benefits including sludge
that can be used to generate power, nutrients that can be applied in the agriculture
sector, and water that can be used in factories or at a household consumption
level. For economies situated in water stressed regions, wastewater could prove to
be more beneficial; it can relieve reliance on already stressed aquifers and reduce
over dependence on desalination plants.

33

Chapter 4: Diversifying Thirsty City Waterscapes
Despite the daunting possibility of going thirsty, many cities are built in
the most water stressed regions of the world. This section provides a cross-city
analysis of strategies adopted to maintain water security. It examines four water
stressed cities that continue to meet water demands despite their strained water
resources, growing populations, and rapidly expanding economies. Doha, Cape
Town, Melbourne, and Las Vegas not only have to ensure water is available to
their local residents but also the millions of tourists that stream in every year. This
chapter also highlights the costly nature of diversifying a city’s water resources
portfolio to safeguard water supplies as well as the exclusion of water recycling in
water security strategy planning.
Cross-City Analysis: Approaches to Water Security
The following section provides a global perspective on how different cities Doha,
Las Vegas, Melbourne, and Cape Town (Figure 5) are tackling water insecurity
challenges.
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Figure 5. World map locating cities studied
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Source: Desenio, 2018
4.1 Doha Water Profile.
Located in the Middle East, Doha is a rapidly growing metropolitan area,
hosting a population of 956,457, about 80% of Qatar’s population (Ministry of
Development Planning and Statistics (MDPS), 2017). With a water consumption
of 0.58m3 per capita per day, Qatar has one of the highest water consumption
rates in the world (Kahramaa, 2017; Haweya, 2015).
Qatar’s primary water sources, represented in Figure 6, consist of 30%
groundwater abstractions, 59% seawater desalination, 11% reuse of treated
sewage effluent, and an insignificant percentage of rainfall, 7 inches a year
(MDPS, 2017). In 2014, an estimated 841 million m3 (see Figure 6) was the
combined water produced by desalination, reuse and groundwater extraction,
while consumption, as shown in figure, totaled over 800 million m3 (MDPS,
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2017; Kahramaa, 2017). Households and agriculture are the biggest water
consumers.
Figure 6. Total water production and reuse by source (million m3) 1990-2014

Source: Ministry of Development Planning and Statistics (MDPS), 2017
Figure 7. Water use by economic activity excluding apparent loss (million m3)
2006-2014
*

*Government includes green spaces

Source: Ministry of Development Planning and Statistics (MDPS), 2017
Water in Qatar is highly subsidized, with Qatari nationals receiving free
water, while water utility bills for other residents (non-nationals) is based on a
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tiered system (See Appendix A, Table 1A). Water used in the 1-20 m3 range
(1000-20,000 litres) is charged at a fixed rate of 5 riyals (US$1.33) per m3. Every
other m3 used is charged at a QR6.5 (US$1.76) rate. The biggest water users,
industry and agriculture, are charged the cheaper rates (bulk water pricing). Farms
are charged 17 cents less than hotels. This low rate in Qatar is perplexing given
the water-poor nature of the city.
Wastewater.
About 98.7% of households in Doha are connected to waterlines and
97.5% of buildings in Doha municipality are connected to the public sewage
system (MDPS, 2017). Most of the wastewater produced is treated. On average,
wastewater treatment sites treat about 96% of wastewater received.
The sewage produced is mainly treated in one of four urban wastewater
treatment plants: Doha West Station, which is the largest operational plant that
treated 180,000 m3/day in 2015, Lusail treatment plant, the Doha North plant, and
the Doha South plant (MDPS, 2017). All urban wastewater treatment plants have
been equipped with at least secondary treatment methods, ensuring, to a large
extent, the elimination of organic pollution.
About 82.64 million m3 of treated wastewater is discharged without reuse
and 43.47m3 is injected into aquifers. An estimated 11.30 million m3 makes up
untreated wastewater, of which 0.36m3 is discharged into sea and 31.11m3 into
lagoons (MDPS, 2017).
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Water Plan.
Although no formal citywide action plan addressing water security has
been drafted, Implementing Smart Solutions Rationalizing Resources, a 2016
sustainability report by Kahramaa (Qatar General Electricity and Water
Corporation), lists nationwide water strategies to ensure water security. A large
proportion of Qatar’s population (80%) and population growth occurs in Doha.
Moreover, Qatar has land area of only 4,468 mi2 hence why strategies and data
are presented on a nationwide scale. Kahramaa targets water conservation,
efficient use, and recycling as the main routes to water security. Their water
strategy outlines increasing the nation’s water reserve from the current two days
to seven to eight days, applying alternative energy sources (solar and nuclear) for
water production, reducing real losses, and promoting conservation awareness
through the Tarsheed program. They also intend on developing research around
underground aquifer replenishment through the investment of reinjection of
groundwater aquifers with desalinated water.
Qatar’s Water Security Mega Reservoirs Project, part of a two-phase
project, with the first phase operating from 2017, aims to reserve seven days
worth of potable water based on 2026 projected demand (Kahramaa, 2018). The
five-mega reservoirs will hold about 10 million m3 of water and provide 514,816
m3 of water a day to 2.5 million homes by 2020 (Kahramaa, 2018; Kahramaa,
2017). Abu Dhabi currently has the largest reservoir with a capacity of about 30
million m3 of water (Alkhalisi, 2018). Abu Dhabi’s reserve can provide 180 litres
a day to the whole United Arab Emirates (UAE) population for up to three months
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(Alkhalisi, 2018). The race to build bigger reservoirs suggests the urgency in
ensuring water security. To feed the reservoirs, Qatar has invested in a number of
desalination plants including Ras Abu Fontas reverse osmosis desalination plant,
which was completed in 2015. It produces 155,203m3 of water per day and cost
the nation QR 1.75 billion, about US$472.5 million (Kahramaa, 2017). A second
plant, Ras Laffan, produces an estimated 181,843m3 of potable water per day, part
of a US$700 million power and water plant project inaugurated in 2004 (Qatar
Petroleum, 2015). Ras Abu Fontas and Ras Laffan desalination plants continue to
be expanded over the years. Overall, Qatar relies on desalination plants for 560
million m3 of potable water (Kahramaa, 2017).
Kahramaa also notes that water recycling and reuse has climbed higher on
the agenda. Qatar as a whole has gradually been investing in the expansion of
wastewater treatment plants, increasing their production capacity from 25 million
m3 treated sewage effluent (TSE) in 2004 to 194 million m3 TSE in 2015, an
estimated seven-fold increase (MDPS, 2017). Agriculture (34%) and government
(16%), which represents green space irrigation, make up the largest TSE users,
while 29.5% the remainder is distributed for deep injection into aquifers and 20%,
about 43.47 million m3, is discharged into lagoons (MDPS, 2017). Overall, the use
of treated wastewater reuse for irrigation and government has increased from 5%
in 2004 to 11% in 2014 (MDPS, 2017). There is no mention of using recycled
water for potable uses.
As part of behavior shifting attempts, Tarsheed, a National Program for
Conservation and Energy Efficiency, aims to reduce current water consumption
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per capita by 35% by 2022 through conservation education (Kahramaa, 2016).
The water tariffs presented in Table 1A are new tariffs set in 2015 as a demand
management strategy. Nevertheless, they are still highly subsidized considering
the cost of desalination and water stress in the nation. The poor data tracking
hinders accurate assessment of water use and savings through the various
conservation schemes. There needs to be consideration for the role of greening
public spaces in water consumption figures. Given the growth of the city, its
expansion through the construction of artificial islands as well as its role as host to
the 2022 World Cup, Doha needs to assess and plan for water consumption
increase.

4.2 Las Vegas Water Profile.
Las Vegas, located in the state of Nevada, United States, relies primarily
on water, about 90%, from the Colorado River. The city has a population of
632,912 that consumes about 220 GCDP (gallons per capita per day) or 0.832m3
of water, slightly higher than the southern Nevada region’s consumption of 123
GCDP in 2016 (City of Las Vegas, 2018). Las Vegas’ water consumption per
person per day is sixteen times higher than the recommended amount to achieve
basic needs of cooking, cleaning, and drinking. The UN suggests a water
consumption of 20-50 litres (0.02-0.05m3) for each person a day to meet their
basic needs (World Water Assessment Programme (WWAP) cited in UN Water,
2013). The high consumption rate for the city of Las Vegas could possibly be
attributed to the flood of tourists and high water use by hotels.
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Las Vegas receives water from various sources such as groundwater and
water transfers. An estimated 10% is retrieved from groundwater sources,
particularly during the summer to meet peak demand (Las Vegas Water District
(LVWD), 2018). Other sources include the Las Vegas Wash, which consists of
stormwater, urban runoff, shallow groundwater, and highly treated wastewater
that flows into Lake Mead through the Las Vegas Bay (LVWD, 2018). Las Vegas
is allocated 300,000 area-feet a year (AFY) or 370 million m3 from the Colorado
River, 272,205AFY (335 million m3) of which the Southern Nevada Water
Authority controls (SNWA, 2017). The city of Las Vegas’ water is managed by
the Las Vegas Water District (LVWD), which falls under the Southern Nevada
Water Authority (SNWA).
Water Pricing.
LVWD charges for water based on a 4-tier structure. Every 1,000 gallons
(3.8m3) used costs $1.19 in tier 1, while every 1,000 gallons in tier-4 costs $4.72.
Table A2 shows the rates, while Table A3 indicates the different criteria used for
the rate charges. Rates vary with the size of meters as well as the residential type,
non-single-family vs. single-family.
Wastewater.
Water recycling in the city of Las Vegas is carried out by the Durango
Hills and Bonanza Mojave Water Resource Centers, where only liquid wastewater
is treated, and is delivered by the Las Vegas Water District to large turf spaces
such as golf courses and parks (LVWD, 2018; LVVWAC, 2014). About
22,000AFY (2,7136,560m3) treated wastewater is reused for landscape irrigation
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and power plant cooling (SNWA, 2017). The flat rate for reclaimed, or nonpotable, water is $2.33 per 1,000 gallons. Compared to tiered rate, recycled water
is cheaper. For the fiscal year 2017-18 Budget Plan, reclaimed water revenues are
estimated to be $7.7 million (LVWD, 2018).
Water Plan.
Water Security in Las Vegas is approached on a regional scale due to the
reliance on water supplies from other basins in the country. SNWA’s water
resource plan, drafted in 2017, provides an overview of water resources and water
availability and demand over the next 50 years in Southern Nevada. It also
highlights a number of water protection strategies including the use of water
banking, water recycling, demand reduction programs, and the possibility of
brackish water desalination. The region’s goal is to not only augment water
supplies, but also reduce demand to 116 gallons per capita per day (GDCP), 439
lpcd or 0.439 m3, by 2035 (SNWA, 2017). Due to the strict water conservation
strategy, water consumption between 2002 and 2017 in the Las Vegas Valley
Water District reduced by 106 million m3 despite a 660,000 population increase
(LVWD, 2018).
According to SNWA, the southern Nevada region has one of the most
stringent incentivization programs in the country with a dedicated US$220 million
to reduce demand by 45.4 million m3 annually (SNWA, 2017). Within a span of
14 years, the SNWA region has reduce net water use per gallon per capita per day
by 38% (SNWA, 2017). Rebate systems also contribute to the conservation of
water. The city of Las Vegas (2018) offers US$2 for every square foot of
42

xeriscape used in place of grass. The water authority also offers US$200 for
permanent pool covers and US$50 for solar covers. Watering schedules and
restrictions are also applied to prevent water waste. Water conservation plans
have resulted in the drop of water consumption from 5.56 to 4.47 million m3 in
2016 through the conversion of grass to synthetic turf.
Other investments lie in water banking and recycling. Water banking,
which involves the transfer of water rights between users, has led to the
reservation of an estimated 1.5 billion m3 or 1.2 million acre-foot per year (AFY):
336,000AFY (414 million m3) from the Southern Nevada Water Bank,
601,000AFY (741 million m3) from Arizona, and 330,000AFY (407 million m3)
from California (SNWA, 2017). The operating and capital budget (fiscal year 1617) allocated US$87.5million to purchasing water (LVWD, 2018). Recycling is
promoted as a means to reduce demand of potable water that would otherwise be
used on large grass areas.
The prospects of brackish and seawater water desalination also being
explored as additional water security measures. Investment in the Yuma Desalting
Plant as well as seawater desalination infrastructure in Mexico and California are
supply augmentation strategies SNWA is currently negotiating (SNWA, 2017).
Moreover, the SNWA is also investigating transboundary agreements for the set
up of wastewater reuse facilities in Mexico in exchange for intentionally created
surplus water credits that Mexico possesses in the US (SNWA, 2017).
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4.3 Cape Town Water Profile.
Cape Town, located in South Africa, has a population of 4,004,793 (2016
figures) and a total domestic water consumption of 115.09 (0.115m3) lpcd, 2015
figures (World Council on Cities, 2018). It receives its water from an annual
rainfall of 382 mm a year, surface water, approximately 880,000 m3 (339 million
m3/annum) from 14 dams including the Voeiviel Dam, the Wemmershoek Dam,
Berg Water Project, Theewaterskloof Dam, Rockview Dam, Kegelberg Dam,
Steenbras Dams and Misverstand Weir (City of Cape Town (CCT), 2018; Cullis,
2018). Atlantis and Cape Flat aquifers are also groundwater sources that serve the
city of Cape Town (City of Cape Town, 2018).
Water Pricing.
Cape Town’s water tariff is set at R24.72 (US$1.97) and is set to increase
to R57 (4.54) per kiloliter due to the current drought (University of Cape Town,
2018). Interestingly, Cape Town has sewage costs, which will also surge from
R21.50 (US$1.71) to R44.18 (US$3.52) per cubic meter (University of Cape
Town, 2018). Tariff surges are due to the current drought, which has led to the
adoption of the highest level of water tariffs to control demand. Table 4A
provides a more detailed breakdown of water pricing in Cape Town.
Wastewater.
The City of Cape Town has 17 main treatment facilities and 6 smaller
facilities (CCT, 2018). Treated effluent is discharged into rivers, canals, aquifers
and the sea. About 50,000m3 (8%) of total treated effluent is sold at a cheaper
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tariff by the local government and reused by schools, golf courses, farms,
industry, and commercial developments (CCT, 2018).
Water Plan.
While Cape Town has no water plan, there is a regional Western Cape
Sustainable Water Resource Management Plan that was drafted in 2012. The
water plan prioritizes demand management and water conservation but also lists
water reuse and desalination as augmentation technologies that should be
considered. It highlights that the city of Cape Town has considered water
recycling for non-potable uses. About 92.14% of Cape Town residents are served
by wastewater collection connections (2015 figures) and of the waste collected,
100% receiving primary treatment, while 92.73% receiving secondary treatment
(World Council on Cities, 2018). Over the years, wastewater treatment capacity in
the city has increased to about 272.5 million m3 per annum (CCT, 2018). While
wastewater reuse has increased, it still only represents 8% of wastewater produced
(City of Cape Town, 2018).
The implementation of reuse for potable purposes has been restricted by
public perception of wastewater reuse. The prospect of economically intensive
projects such as desalination has also been limited due to institutional capacity
and fiscal constraints. For a city, that runs on a US$2.3 billion (2016 figures)
budget, financing and up keeping a desalination plant would be economically
draining (World Council on Cities, 2018). Cape Town suffered from a major
drought in 2003-2006 and is currently facing a massive drought that risks taps
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being shut off. With a population growth rate of 4%, Cape Town needs to
strategize on future water resources.
4.4 Melbourne Water Profile.
Melbourne, in the state of Victoria in southwestern Australia, is located in
one of the driest regions of the world. It has a population of 4.82 million (2017
figures). Melbourne is served by 10 storage reservoirs with a combined capacity
of 1,812 million m3 with water from the Thomson River, Yarra River, Tarago,
Bunyin Rivers, Silver and Wallaby Creeks (Melbourne Water, 2018). The
municipality consumes an estimated 18,500,000 m3 annually, of which 26% goes
to residential purposes (Melbourne Water, 2018). In 2015, water consumption per
capita was at 0.161 m3 or 161 lpcd (Victoria State Government, 2018). Only
266,000 m3 (1.5%) of wastewater produced is recycled for reuse (Melbourne
Water, 2018).
Wastewater.
Melbourne has two primary wastewater treatment plants: Eastern and
Western. In 2017, the Eastern plant treated 133 million m3 of wastewater and
recycled 5 million m3 (Victoria State Government, 2018). Recycled water is used
to irrigate pasture, open spaces, and horticulture, flush toilets and water gardens,
as well as in industrial facilities (Victoria State Government, 2018). In 2017, a
total of 327 million m3 was treated in both plants (Victoria State Government,
2018).
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Water Plan.
The Melbourne Water System Strategy published in 2017 presents a 50year plan for Melbourne’s water resource management. The impacts of climate
change and population growth on water supplies and demand was the rationale
behind the drafting of a document seen as pivotal to water planning.
As a tactic to establishing a resilient water supply system and a preventive
measure to shrinking water supplies, which fell to 16.5% of full capacity (1,068
million m3) in the largest Thomson reservoir during the Millennium Drought in
2009, Melbourne invested in a rain independent desalination plant
(Victoria/Wohanggi Desalination Plant) in 2007. Completed in 2012, VDP uses
reverse osmosis and has the capacity to produce 150 million m3/year that could
serve a third of Melbourne’s water needs (Melbourne Water, 2017). VDP cost
Melbourne US$ 2.6 billion, financed through engagement in a public-private
partnership, US$ 2.6 billion (Victoria State Government, 2018).
Other water security measures include the North-South Pipeline that could
transfer 75 million m3 per annum water from the Goulborn River (Melbourne
Water, 2018). It received approval in 2006 and was completed in 2010. However,
the north-south pipeline is only to be used during human critical need, when the
volumes of the 10 reservoirs fall below 30% (Annual Report, 2018). The pipeline
construction project cost US$ 468.7 million (Crase, 2014).
Australia as a whole reuses water for municipal, agriculture, potable, and
industrial uses. Melbourne has two wastewater treatment plants, Eastern and
Western. The larger of the two, Eastern, treats about half (330,000 m3/day) of
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Melbourne’s sewage. It was upgraded to treat to advanced tertiary standards in
2012 (Melbourne Water, 2017). However, most recycled water is used for nondrinking purposes.
Besides technology driven solutions, Melbourne also applies water
conservation measures through restriction of water use that is seen as wastage.
Since the millennium drought, the pipeline has not been in use due to the
availability of sufficient water supplies. Similarly, the desalination plant is not in
full use due to the lack of stress on water supplies that the millennium drought
caused. The pipeline’s sustainability has been questioned as it transfers water
from rural to urban uses, raising questions of equity (Crase, 2014).
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Chapter 5: Policy Framework and Water Security
Assessment
This section evaluates the strength of water security policy and strategy of
the four case studies using a self-developed water security metric. Metrics are an
important decision-making tool for evaluating areas that need to be addressed to
enhance water sustainability and security. Cape Town, Doha, Las Vegas, and
Mebourne’s city data is summarized in Appendix B Table 1. Table B1
encompasses the following variables: population, baseline stress level, water
shortages/surpluses, population growth rates, diversity of sources of water,
operating budget as a proxy for budget available to develop new solutions, storage
capacity, production capacity of treatment plans. Table 1 reviews the different
water security strategies being implemented in the four cities. Uniform across the
four is the adoption of conservation measures and recycling. Desalination is
currently present in the two wealthier cities, Melbourne and Doha and water
banking only occurs in Las Vegas.
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Table 1. Summary of water security strategies in place.
Strategy

Description

Banking

Storing surplus
water in an aquifer
for future use

Conservation
Incentivization
or Pricing

Using price or
rebates to encourage
water savings

Desalination

Conversion of
seawater to potable
water

Trading/Trans
fers

Moving bulk water
from one water
district to another

Water
Recycling and
Reuse

Treating wastewater
to non-potable or
potable use

Water Security
Plan

Document
highlighting water
security strategies

Cape Town

Doha

Las Vegas

Melbourne

X
(1.6 billion
m3/yr)a
X
X

X

X

(US$220
million)b

X

X

(560
Mm3/yr)c

(150
Mm3/yr)d
X

X

(370 Mm3/yr)e

(75 Mm3/yr)f

X

X

X

X

8%g

11%h

(27.1 Mm3/yr)i

1.5%j

X*

X*

X*

X

**This table also indicates diversity of water sources
*not city-level plan

a. SNWA (2017). b. SNWA (2017). c. Kahramaa (2017) d. Melbourne Water
(2017). e. SNWA (2017). f. Melbourne Water (2018). g. CCT (2018). h. MDPS
(2017). i. SNWA (2017). j. Melbourne Water (2018).
The matrix, Table 2, is designed to capture urban water insecurity and the
potential of wastewater reclamation in shaping urban water portfolios. This index
considers full water storage capacity and full wastewater treatment capacity to
estimate the number of months water stored and produced would last cities in
drought conditions. It ignores water saved from conservation primarily because
conservation is difficult to measure.
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Water Security Index (WSI)
Table 2. Water Security Index (WSI) metrics and calculation table
Metric

Melbourne

Doha

Las Vegas

Cape Town

Population Growth Rate (PG)

1.42 a

2.0 b*

2.22 c

2.32 d

Consumption (million m3)

427 e

411 f**

276 g

345 h

35583333.33

34250000

23000000

28750000

4

3

4

2

1812 i

3.7j

3.79 k

339 l

151000000

308333.33

315833.33

28250000

SC (in months)

4.24

0.009

0.84

0.98

Surplus Production Capacity of
Treatment Plants (million m3)

333 m

295.4 n

140.9 o

272.5 p

29166666.67

24616666.67

11741666.67

22710166.67

SPC (in months)

0.78

0.72

0.51

0.79

WSI (D + SC+ SPC – PG)

7.6

1.7

2.3

1.5

Consumption per month (m3)
Diversity (D) of Sources of
Water (excluding rain &
groundwater)
Storage Capacity (million m3
p.a.)
Storage per month (m3)

SPC per month (m3)

* National Growth Rate
**Calculated by multiplying consumption per capita with city population
a.

World Population Review (2018). b. World Population Review (2018). c. World
Population Review (2018). d. World Population Review (2018). e. Melbourne
Water (2017, p.15). f. MDPS (2017). g. LVWD (2018, p.1-1). h. CCT (2018). i.
Melbourne Water (2017). j. Kahramaa Website (2018) k. LVWD (2018, p.12) l.
CCT (2018). m. Melbourne Water (2017, p.17-18). n. MDPS (2017). o. LVVWAC
(2014). p. CCT (2018).
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Summary of Findings Using WSI
Figure 8. Summary of WSI findings

Decreasing Security

Increasing Security

*Potential being studied

Source: https://commons.wikimedia.org/wiki/Melbourne (Melbourne image)
https://www.visitlasvegas.com/ (Las Vegas Image)
Hiromi Hashimoto (Doha Image)
Susumu Odari (Cape Town Image)
Water security is a key policy priority in many cities experiencing water
stress. Generally, metrics allow us to determine where the greatest opportunities
for improvement in current operations lie. Through the metric, we can assess
whether a city is prepared for water scarcity through examining the number of
months the water stored and that recycled at full capacity can add to water supply.
In this case, it is evident that cities with smaller treatment production plants,
reservoir storage capacity and less diverse water sources score lower on the WSI.
A low score indicates that the city would be more vulnerable to water scarcity.
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Cape Town and Doha have the smallest scores on the security index due to their
few water sources and lower treatment plant production capacities. A city such as
Melbourne scores high on the WSI due to its high storage capacity of 4 months,
its diverse water portfolio (water markets, desalination, wastewater recycling, and
conservation efforts) and high wastewater treatment capacity. The index also
assists in assessing what adaptive capacities are in place to avoid dangerous
thresholds and increase water security. Based on water plans and budgets
reviewed, Melbourne was expected to score high. As expected, given Cape
Town’s current state and Melbourne’s stringent water plan, Cape Town scored the
lowest (1.5), while Melbourne scored the highest on the index (7.6). The index
fared well given no weighting was applied. In turn, Melbourne also acts as a
baseline for water security in this study. It would be interesting to run the same
model on various cities and globally rank cities’ according to water security.
This study also found that water recycling is not as salient in the water
security conversation as desalination and conservation measures. Although
limited, the data and profiles presented suggest that wastewater recycling for
potable uses is missing in urban water security strategy. Reuse was mentioned in
most city plans, only to the extent of its adoption as a non-potable source for
landscape irrigation. To kick-start a circular water system revolution, water
recycling for potable supplies should be in the political and regulatory agenda.
Including it in the city agenda includes ensuring better data tracking and
management to measure the significance of wastewater recycling in water
management practices.
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Moreover, findings indicated that cities tend to prefer a mix of softbehaviour change through market-based approaches such as rebate systems of
higher tariffs as well as hard infrastructure such as desalination plants to combat
water insecurity. Cities that adopt all three mechanisms, innovation, behavior, and
economics, essentially adopt a closed loop, thus increasing their water security.
Melbourne, Australia serves as an example of a city with increased water security.
Melbourne has invested in a desalination plant, rainwater
catchment, conservation, stormwater retrieval and water recycling to increase
their water supply and reduce reliance on their reservoirs. However, wealthier
cities were more likely than less wealthy cities such as Cape Town to have a
resilient water strategy due to their ability to invest in a diverse water portfolio
including more capital-intensive solutions such as desalination.
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Chapter 6: Closing the Loop: From Toilet to Tap
Using the case studies for reference, this section explores wastewater
reuse for potable water as a viable solution for cities of varying income levels
dealing with water scarcity challenges. The Dublin Statement addresses the
excessive waste of water as a cause of concern and recognizes recycling as an
area of great potential. In addition to the opportunities, this section delves into
some of the barriers in water recycling including behavior and economics.
When the rains fail us…
Wastewater reuse has been increasing globally as a water supply strategy
particularly in water scarce regions. The Word Bank (2018) projects that demand
for non-potable reuse applications such as landscape irrigation will account for
97% of total reuse in 2022. Cities such as Marrakech, Morocco have adopted
policies that require all golf courses be irrigated with recycled water (Word Bank,
2018). The cases also suggest that wastewater reuse for non-potable uses have
become quite popular amongst governments seeking to reduce pressure on potable
sources. The World Bank (2018) also anticipates that wastewater recycling will
surpass desalination as a reclamation strategy, for tertiary (irrigation quality level)
and triple-barrier reuse (drinking water quality level), by 2022. The circular
system, where waste is converted to resources, is gradually gaining acceptance
and preference as a holistic approach to urban water management.
Wastewater is a readily available resource for water scarce cities. High
quality recycled water can be used for direct potable use, where recycled water is
distributed as potable water, and indirect potable water, whereby recycled water is
55

first inserted into a second treatment phase (treatment plant or injected into
aquifer) before consumption. The two-step treatment is primarily for public
acceptance of wastewater reuse. While wastewater recycling is increasing in
water security discourse, the focus lies on its non-potable applications rather than
its potable potential. Recycling is heavily framed as a strategy to free up other
potable sources- groundwater and surface water supplies-to allow for their
recharge.
Encouragingly, advanced treatment to potable levels is growing. The
World Bank (2018) estimates an annual growth of about 11.7% of advanced
wastewater treatment. Singapore and Namibia lead as successful pilot projects in
recycling wastewater to potable standards. Wastewater reuse contributes to 20%
and 30% of Singapore and Namibia’s potable (and non-potable) supplies
respectively (Word Bank, 2018). Despite the growing interest in wastewater
recycling, a number of factors including low financial capacity, poor data
tracking, and public perception (the yuck factor) limit its development and
adoption as a water security strategy.
Infrastructure construction takes time and requires large capital
investments. Rapid city growth outpaces treatment plant erection (Sato et al.,
2013). Moreover, there are few sewer connections to wastewater treatment plants
in some cities. Reuse varies as a whole by a country’s income group. Higher
income countries tend to have the financial capacity and technology to treat larger
volumes of wastewater (Sato et al., 2013). Wastewater reuse requires significant
investment in sewerage system such as purple pipes, capital that low-income
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cities may not possess (Word Bank, 2018). Costs of conveyance of reuse are
estimated to add US$0.55 per m3 to US$0.80 per m3 to treatment costs (World
Bank, 2018). Lack of capital limits a city’s ability to invest in a closed urban
water loop system and maximize on wastewater as a resource.
In addition to infrastructural costs, poor reporting data on wastewater
production, treatment, and use makes understanding wastewater and its potential
as a water resource difficult. Many countries do not track wastewater capacity,
treatment and reuse. Sato et al. (2013)’s study highlighted the lack of wastewater
data. Without sufficient data, it is challenging to track progress of wastewater
treatment and pinpoint challenges that need to be addressed in wastewater reuse
policy development.

The Yuck Factor and Shifting Mindsets
“People learn with emotions not statistics” Ninian Stein
Perception of health risks from wastewater limits public acceptance of
water reclamation for potable uses. The ‘yuck factor’ has been the biggest barrier
to water recycling adoption in city waterscapes. A study of public perception of
wastewater reuse found that psychological repugnance and health risks were the
two main reasons for the household opposition of wastewater reclamation in
Kuwait (Duong &Saphores, 2015).
The Western Cape’s regional water plan highlighted public perception to
recycled water as an impediment to its adaptation. However, wastewater recycling
was dismissed with the document noting that the public view was posited as an
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obstacle to be addressed in future water plans (Western Cape Government, 2012,
p. 6). Attempted projects in California and Australia have never been
implemented due to public rejection. To gain public acceptance for wastewater
reuse for potable consumption, Orange County, California, practices indirect
potable water treatment. Recycled wastewater is directed to water treatment
systems for a second round of treatment.
Wastewater is not the only drinking water source that is not readily
accepted. For instance, many local governments find it difficult to get their
citizens to accept tap water over bottled water. Contamination of drinking water
has impacted public perception of drinking water in a number of cities. Between
2000 and 2003, there was a 69% sale increase in bottled water use in Canada
(Prolux, Rodriguez, Serodes, & Miranda, 2010). A study on the perception of
municipal drinking water in Quebec City found that tap water consumption was
thought to be associated with risk. Results also showed half of the surveyed
respondents viewed bottled water as better for their health (Proulx et al., 2010).
Sajjadi et al. (2016) found that perception also depended on age. Long time
residents to an area had a more positive perception on tap water than younger
residents. Moreover, females and persons with a university education were
satisfied with the tap water. A similar study in Turkey found increased bottled
water consumption varied with income. The study also suggests that the
promotion of bottled water as healthy and tap water as unhealthy influences
public perception (Akpinar & Gul, 2014)
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How have cities such as Windhoek and Singapore been successful in introducing
recycled water into potable supplies?
Namibia’s New Goreangab Water Reclamation Plan (NGWRP),
inaugurated in 2002, produces 21,000m3 per day of drinking water (Lahnsteiner,
Lempert, Cho, & Kim, 2007). The plant cost an estimated US$15.1 million with
additional costs, approximately US$12.5, for equipment and labor (Lahnsteiner et
al., 2007). Although this recycled water was about US$0.02 more expensive than
treated surface water, it was seen as a cheaper alternative to water importation.
Similarly, in Orange County, purified water, sold at USS$ 0.39/m3 in 2010, cost
US$/0.26m3 less than imported water, sold at US$0.65/m3 (Chalmers & Patel,
2013). Interestingly, desalination of seawater and brackish water was not
mentioned in the assessment of water management in Windhoek. The authors did
mention the possible employment of partial desalination to decrease salinity of the
potable water produced at NGWRP (Lahnsteiner et al., 2007). While Windhoek
carries out direct potable water recycling, Singapore uses the indirect potable
water approach. Singapore’s NEWater facility, introduced in 2003, produces 511
million m3/yr of wastewater, of which 194 Mm3 is recycled annually (Lim &
Seah, 2013).
City authorities were able to change public perception through strong
policy, marketing, practical authority, engagement, and education initiatives
(Duong & Saphores, 2015; Abers & Keck, 2013). A big driver in promoting
acceptance in Singapore was banning the use of wastewater recycling and
rebranding it to NEWater. Orange County’s wastewater initiative overcame
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psychological barriers to reclaimed water by injecting the treated water into
natural reservoirs.
Presenting water as salubrious alters our view of it and in turn influences
our decision to drink it. NEWater, as Singapore refers to reclaimed water, became
an acceptable source of potable water due to strong policies, commitment by
political forces, and input from educated members of society. For water recycling
to become an added strategy, action does not always need to stream from the
state. A collaborative effort between state and society will be the driving force to
alter public perception of recycled wastewater as drinking water (Abers & Keck,
2013). For years, non-state actors in countries such as Brazil have built practical
authority. Professors and business leaders have played a role in leading water
management projects in Minas Gerais’ Manuelzao Project (Abers & Keck, 2013).
Through communication and marketing of technical information, as well as
building networks through local actors, the Manuelzao water project committee
was able to increase visibility in the community. Engagement with the community
through educational campaigns and tours of the river enabled the committee
members to broadcast ideas to a broader audience, influencing the behaviors of
other actors and organizations. Similarly, engaging communities through site
visits and educational campaigns contributed to the successful implementation of
NEWater in Singapore and NWDRP in Windhoek (Lee & Tan, 2016; Lim &
Seah, 2013; Lahnsteiner et al., 2007).
In addition, visionary leadership and participatory leadership, help
formulate legally mandated instruments that further push for the success of
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project sand public policy reform. The Manuelzao case is an exemplary model for
the role of expertise in increasing credibility and influencing policy. In other
words “if you build it, they will come,” a strong indicator of how policy and
authority can help propagate the growth of water reclamation as a water security
strategy (Abers and Keck, 2013). NGWRP was a result of strong political-will to
augment water supplies to boost the economy and provide drinking water
(Lahnsteiner, Pisani, Menge, & Esterhuizen, 2013). The Namibian government
built it and the people later came to accept it and see its importance.
The feeling of choice plays a role into the public acceptance of wastewater
recycling. In Windhoek, alternatives to wastewater reuse were few and more
expensive; therefore, the public had limited to no option to oppose NGWRP
(Lahnsteiner, Pisani, Menge, & Esterhuizen, 2013). A 2009 Australian survey
comparing public perceptions of desalination and recycling found that pushback
on recycling was due to public health concerns, while that to desalination was
costs (Dolnicar & Hurlimann, 2010). The survey results also found that when the
public felt as though they had no choice they had a higher propensity for recycling
and desalination.
Water scarcity is shaping our ideas of a system and its wholeness.
Moreover, water scarcity is influencing our perception of urban planning and how
rigid the system we currently work under is and the role of society in influencing
policies and effecting change. Many of the cities that have implemented reuse or
attempted to adopt wastewater recycling faced public opposition. In some of the
cases such as Cape Town, public opinion meant the failure to introduce reuse for
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potable supplies in water policy and management. Cities tend to select
desalination over recycling for potable supplies: however, more consideration
should be given for the potential of reuse as a strategy.
Wastewater recycling is posited to be less detrimental to the environment
and economically cheaper. TU Delft (2018) argues that wastewater recycling is
cheaper than other water conservation tools that are currently available. Reverse
osmosis wastewater recycling plants are cheaper to operate because the process of
purification requires less energy than seawater to their lower levels of salinity (TU
Delft, 2018; World Bank, 2018). Depending on the conveyance system, water
reclamation is estimated to cost between US$0.60 per m3 to US$1.62 per m3. On
the other hand, desalination costs US$0.81 per m3 (International Water Summit,
2018; World Bank, 2018). In Orange County, indirect potable reuse costs
US$800-US$850 to produce enough recycled water for 2 families of 4 for a year.
On the other hand, desalinating an equal amount of seawater would require
US$1,200-US$1,800 mainly due to the energy demands (EPA, 2015).
Energy requirements fall between the 1-4.5 kWh/m3 range for desalination
using RO technology and 0.7-0.9 kWh/m3 for wastewater treatment using RO
technology (Table 3). Desalination using thermal processes, Multi-Stage Flash
and Multiple-Effect Distillation demands even more energy, about 16-25 kWh/m3
(Environment Agency Abu Dhabi cited in International Water Summit, 2018).
Environmentally, desalination often poses brine contamination risk, while
wastewater recycling is argued to cause no environmental hazards if treated
properly (Arlosoroff, 2007). Overall, wastewater reclamation is more
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environmentally sustainable, consumes less energy, and is a cheaper alternative to
water production (Table 3).
Table 3. Economic and environmental cost analysis comparison of desalination
vs. wastewater recycling
Desalination

Wastewater Treatment

Cost of Water produced

0.8-1.2 US$/m3a

0.60-1.62 US$/m3b

Environmental Impacts

Brine contamination

X*

1 – 4.5 kWh/m3c
Energy Requirements

0.7-0.9 kWh/m³* *d
1 - 1.5 kWh/m
(Brackish)

3

4 - 4.5 kWh/m
(Seawater)

3

*

Brine contamination if reverse osmosis is used

a.

Voutchkov, N. (2016). b. World Bank (2018). c. International Water Summit
(2018). d. Radcliffe (2014)
Despite being relatively cheaper than desalination, wastewater reuse tends
to not be a preferred water augmentation strategy for investment. This paper does
not argue for desalination over wastewater recycling. Desalination is recognized
as an important water augmentation method, given the improved energy
efficiency and decreasing environmental impacts due to technological
advancements. Moreover, desalination coupled with other water strategies builds
more robust water systems. Rather, this paper questions why wastewater
recycling’s potential has not been as prominent in water security strategies
considering its lower economic burden on cities? Due to the public resistance on
reuse projects around the world including in South Africa and California,
governments have deferred plans to invest in potable reuse plants. This trend
suggests that public opinion and the yuck-factor perception drive city level action
to not implement wastewater recycling and reuse as a strategy.
63

Chapter 9: Conclusion and Policy Implications
Water scarcity is not limited to developing country cities. It is a growing
global issue for cities of all financial levels. Qatar is one of the wealthiest
countries in the world yet faces the challenge of ensuring water security.
There is no doubt that a city’s financial capacity plays a critical role in
strategies prioritized. Wealthier cities such as Doha and Melbourne constructed
desalination plants; however, while Doha heavily relies on the water produced,
Melbourne uses it for backup purposes solely. Generally, desalination bestrides all
other technology alternatives particularly in safeguarding potable water supplies.
However, the environmental impacts of brine produced were a missing discussion
in the water plans analysed. Desalination plants can be water independent.
Additionally, seawater is perceived as abundant and accessible. Therefore,
desalination is presented as a viable adaptive solution to water insecurity, with the
only barriers amounting to cost and energy requirements.
Augmentation strategies that can be applied in cities with smaller capital
budgets such as Cape Town are limited. Desalination particularly is capital
intensive. However, as desalination processes become cheaper and less energy
intensive, perhaps desalination will play a bigger role in water scarce cities with
smaller budgets. Despite toilet to tap being more energy efficient strategy to
securing water supplies than desalination, large investments continue to be
directed to building desalination plants over reclamation technologies.
Besides budget limitations, increasing water reuse as a supplement to
potable production is not a big priority in water strategy also due to public
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discomfort. Shifting mindsets through constant education and outreach to reframe
our cultural outlook on waste is a vital step in increasing public acceptance. This
approach has been essential in the successful implementation of indirect potable
reuse in Orange County, California and Singapore, Singapore as well as direct
potable reuse in Windhoek, Namibia. Both are culturally diverse and therefore,
suggest that the mindset shifting methods can be adopted in various regions.
Waste should not be viewed as the end product but the beginning of a new life
cycle for the water supply chain. Reuse closes the loop and promotes the closed
system ideal, whereby waste becomes a resource. Education and policies that
highlight the importance of wastewater recycling need to be prioritized if a truly
integrated and resilient water system is to be established.
All in all, water reclamation for potable reuse is a nascent strategy that
will need a reformation of policies and increase of investment to strengthen city
water security measures. Reflecting on past experiences of droughts and water
stress impacts on society can only assist cities in becoming more robust and
resilient. Including water reclamation for potable uses in water security strategies
creates resourceful and flexible cities. In comparison to other augmentation
approaches, specifically desalination, wastewater recycling is cheaper, more
environmentally friendly, and less energy demanding. Moreover, wastewater
recycling is not limited cities with access to the sea or ocean. All cities produce
waste and therefore all cities possess wastewater as a resource. Limitations to its
implementation as a strategy are primarily financial and public opposition.
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Perhaps the biggest takeaway is that synergism is central to water security.
Every source has different risks. Therefore, diversification of cities’ water
portfolios is vital to ensure adequate supply for future growth of cities and to
prevent surpassing thresholds that will lead us to day zero. Conservation through
raising rates requires great political will. Rate restructuring for Cape Town may
be essential in stretching the limited supplies; however, it does not ensure survival
past thresholds. Doha, Melbourne, and Las Vegas, have adopted multiple
strategies to achieve water security for their growing water demand. While
assessing the water plans suggests that a number of cities are increasing
investments in water augmentation technologies such as desalination, these cities
are also applying ancillary water conservation programs and policies to provide a
holistic and long-range planning approach to water management. Cities with the
most diverse number of water sources scored higher on the WSI. Therefore,
wastewater reuse or desalination will not solely increase water security. Rather,
all strategies feasible should be applied to work in unison. Thus, wastewater reuse
needs to be part of the integrated water resource planning movement.

Limitations
The lack of well-documented data on wastewater recycling is a hindrance to the
potential of wastewater reuse in contributing to robust water systems. Data
collection should be prioritized as a water security strategy to allow for the
drafting of long-term plans. Smart technology allows us to track our usage and
wastage. Water insecurity is highly localized; however, data available is mostly
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national or regional. Therefore, data collected should also be city specific to
permit policy makers to draft localized solutions.

Future recommendations
City level water footprint accounting and budget allocation to water security
should be prioritized for future studies and strategy development. Moreover,
developing a global policy framework that is flexible to various cities’ economic
statuses could assist cities in planning for water security. Such a framework could
include policy development to promote water reclamation as a sustainable
direction and financial advice in meeting fiscal demands for water supply growth
and sustainability. This global policy would also take into consideration the
water-energy nexus when discussing water security strategies.
As a policy tool, WSI could assist in decision-making processes in urban
water resource planning. The index would aid policymakers and planners measure
the resilience of an urban water system by identifying gaps in current strategies
through tracking storage and wastewater recycling production capacities. To assist
in policy development, considering other aspects to water security such as
desalination production capacity, underground aquifer storage capacity, and green
infrastructure could further strengthen the WSI designed for this study.
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Glossary
Adaptive Capacity: The potential or capability of a system to adapt to (to alter to
better suit) climatic stimuli or their effects or impacts (Intergovernmental
Panel on Climate Change (IPCC), 2018)
Baseline water stress: ration of the total annual withdrawals to total available
annual renewable supply (Gassert et al., 2015)
Blue water: Fresh surface and groundwater supplies, that is, lakes, rivers, and
aquifers.
Consumptive use: water withdrawn from its source for use in a specific sector
(e.g. for agricultural, industrial or municipal purposes) that will not become
available for reuse because of evaporation, transpiration, incorporation into
products, drainage directly to the sea or evaporation areas different from
withdrawal basin, or removal in other ways from freshwater resources
(AQUASTAT, 2018)
Purple pipes: Pipes that convey recycled water for non-potable use such as
landscape irrigation.
Tertiary Reuse: Reuse for non-potable uses such as irrigation, toilet, and industry
Triple-Barrier Reuse: Production of high-quality potable recycled wastewater
(World Bank, 2015).
Water shortage: Impact of low water availability per person = water available
Population
Water Stress: When annual water supplies drop below 1,7000m3 per person (UN
Water, 2013)
Water Scarcity: When annual water supplies drop below 1,000m3 per person (UN
Water, 2013)
Water Use vs. Water Consumption: Water withdrawn to be used (water use).
*Stress and scarcity figures are based on the Falkenmark Indicator
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APPENDIX A: WATER RATES
Table A1. Water Pricing in Doha, Qatar
Residential
Layers (Water Used in m3)
(1-20)
(21-250)
(251-999999999)
Hotel
(1-999999999)
Industrial
(1-999999999)
Productive Farms
(1-999999999)

Tariff
QR5 (US$1.35)
QR6.5 (US$1.76)
QR9.5 (US$2.57)
QR5.8 (US$1.57)
QR 5.4 (US$1.46)
QR 5.2 (US$1.40)

**Based on 2018 (US$0.27) exchange rate, rounded to nearest cent (XE)

Source: KAHRAMAA, 2018
Table A2. Water Pricing in Las Vegas
Tier 1

$1.19 per 1,000 gallons

Tier 2

$2.14 per 1,000 gallons

Tier 3

$3.18 per 1,000 gallons

Tier 4

$4.72 per 1,000 gallons

Source: LVWD, 2018
Table A3. Las Vegas Water Pricing Rate
Rate Thresholds and Metered Rates- Average Daily Usage (Gallons)
Meter Size
(inches)

5/8ʺ

3/4ʺ

Tier

Non Single-Family Residential

Single-Family Residential

1

First 167

First 167

2

Next 167

Next 167

3

Next 333

Next 333

4

Over 667

Over 667

1

First 250

First 222

2

Next 250

Next 222

3

Next 500

Next 444

4

Over 1,000

Over 889
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1ʺ

1½ʺ

2ʺ

3ʺ

4ʺ

6ʺ

8ʺ

10ʺ

12ʺ

1

First 417

First 334

2

Next 417

Next 334

3

Next 1,666

Next 1,222

4

Over 2,500

Over 1,889

1

First 833

First 611

2

Next 833

Next 611

3

Next 6,667

Next 4,556

4

Over 8,333

Over 5,778

1

First 1,333

First 944

2

Next 1,333

Next 944

3

Next 16,000

Next 10,778

4

Over 18,666

Over 12,666

1

First 2,667

2

Next 2,667

3

Next 42,666

4

Over 48,000

1

First 4,167

2

Next 4,167

3

Next 125,000

4

Over 133,334

1

First 8,333

2

Next 8,333

3

Next 400,000

4

Over 416,666

1

First 13,333

2

Next 13,333

3

Next 773,337

4

Over 800,000

1

First 19,167

2

Next 19,167

3

Next 1,303,333

4

Over 1,341,667

1

First 28,333

2

Next 28,333

3

Next 1,926,667

4

Over 1,983,333

Source: LVWD, 2018
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Table 4A. Water tariffs trends (excl. VAT) in Cape Town, South Africa
WATER TARIFFS (Rands*)
Domestic Full: 0-6kl
+0-6kl
+10.5-20kl
+20-35kl
+35-50kl
+50kl
Domestic cluster: >6kl
+6-20kl
+6-10.5kl
+10.5-20kl
+20-35kl
+35-50kl
+50kl
Commercial
Industrial
Schools/sport
Government
Municipality
Miscellaneous
Misc. (external)
Bulk tariff

2014/15
8.75
12.54
18.58
22.94
30.27
Na
Na
10.72
12.54
18.58
22.94
30.27
13.51
13.51
11.94
12.83
11.94
12.83
15.33
3.49

*1 Rand= 0.076USD
Source: Western Cape Government, 2010
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APPENDIX B: CITY DATA SUMMARY
Table 1B. City data breakdown
Characteristic
Baseline Water
Stress
Populations Size
Population
Growth Rate
Consumption
Level
Operating
Budget
Water Shortages/
Surpluses

Production
Capacity of
Treatment Plans

Unit

Melbourne

Doha

Extremely

Extremely

high > 80%

high > 80%

People

4.82 million

956,457

632,912

4,004,793

%/yr

1.42

2.0

2.22

2.32

LPD

161

430**

832

115.09

US$

308million a

X

%

Low to
medium, 1020%

590 million
(LVWD)

b

Cape Town
Extremely
high > 80%

442.6 million
(water department)

X

841 million d

X

321.2 million e

Demand

427 million

411 million f

276 million

345 million

Full
Capacity
m3 p.a.

333 million

295.4 million

Current
Capacity
m3 p.a.

327 million g

194 million h

(Desalination,
No.

trading,
conservation,
recycling)

3
(Desalination,
conservation,
recycling)

140.9
million
62.18
million i

272.5 million

60,042 j

4
(Transfer,

2

banking,

(Conservation,

conservation

recycling)

, recycling)

*figures vary by year, based on available data
a.

c

Supply

4
Diversity of
Sources of Water
(excluding rain
& groundwater)

Las Vegas

City of Melbourne (2017). b. LVWD (2018). c. CCT (2018). d. MDPS (2017). e.
CCT (2018). f. MDPS (2017, p.23). g. Victoria State Government (2018). h. MDPS
(2017). i. LVVWAC (2014). j. CCT (2018).
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