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International research agency perspectives on
potable water reuse

Jo Burgess,*a Melissa Meeker,b Julie Mintonb and Mark O'Donohuec

As the demand for potable quality water increases, driven by increasing human populations and economic

development, the drivers for indirect and direct potable reuse of water also increase in their intensity. In this

paper we inspect the national situations in developed countries in the northern and southern hemispheres

(the USA and Australia), and in a middle-income country (South Africa). Examples of full scale potable reuse

schemes in each country are described, followed by summaries of current research focal areas and priority

challenges. Finally the international research trends and commonalities are highlighted, along with the key

regional differences in research objectives and application, concluding with an outline of perceived oppor-

tunities for mutual benefit by enhanced international cooperation.
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Introduction

Water recycling is almost universal. The global installed
capacity of water reuse plants is around 50 000 megalitres per
day (ML per d), a little more than half of which has been
treated to the tertiary level (suspended particles have been
removed and the water has been disinfected).1 Actual output
from water reuse plants has been estimated at about 60% of
capacity.

Water reuse is thus of increasing importance, not only in
arid regions but also in growing cities and contaminated
environments. It addresses the challenges of deteriorating
quality of raw water sources and increasing instability of sup-
ply, as a complement to demand management (imposed
restrictions) and seawater desalination (which generally
would remain a higher cost water than reused water).
Large quantities of freshwater can be saved by industrial
water reuse and recycling, lowering costs, reducing environ-
mental pollution and improving carbon footprint. Reuse
enhances industrial water supply security, which may be
endangered in the future due to increased freshwater
demands from other sectors including agricultural use and
potable purposes. In addition to maintaining industrial pro-
cesses, water reuse provides cost benefits (in most cases
municipal water and desalinated seawater are the most
expensive sources of water for industrial use).

Water reuse is being recognised as a more sustainable
and cost-effective alternative water supply, using natural pro-
cesses as well as more advanced membrane technologies with
more efficient energy use than in the past. A wide variety of
treatment options exists, such that health-related risks are
considered manageable through the multiple barrier
approach. Reuse has gone through a rapid curve of innova-
tion and multiple technologies are now available. For exam-
ple, the market volume for membranes has boomed in the
last few years.

Annual expenditure on building water reuse projects is
currently in the region of US$2.4 billion. This is expected to
rise to US$8.4 billion in 20162 as communities look to rein-
force and diversify their supply strategies.
hnol., 2015, 1, 563–580 | 563
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The EU's AQUAREC project in 2006 identified over 3300
water reclamation projects across the world.3 Japan had the
largest number of reuse projects (1800), followed by the USA
(1600), Australia (450) and the EU (230).

Water reuse cannot take place in isolation. Communities
and businesses need to start managing water differently,
bringing competing demands and users together, and
adopting an integrated approach to the entire catchment
area. This includes treating wastewater to appropriate stan-
dards for different types of reuses (e.g. cooling, building,
mining, agriculture, landscaping, aquifer recharge, and pota-
ble reuse). In Japan, most projects involved urban recycling.
By contrast, projects in the USA and EU were relatively evenly
split between urban and agricultural projects with a smaller
number of industrial and mixed-use projects. Most EU pro-
jects were in southern Europe, predominantly in Spain, and
mainly for agricultural and urban/industrial use.4

South Africa

Water is a limiting resource in South Africa, especially in
areas where runoff exceeds rainfall. The pressure exerted on
surface and groundwater resources should be reduced or at
best maintained, rather than increased, as the human popu-
lation and industrial development increase. There has thus
been a lot of interest recently in direct water reclamation
(direct potable reuse (DPR), and direct industrial reuse). The
shortage of water is leading to large-scale interest in and
application of reclamation and reuse of wastewater to sustain
development and economic growth in the region. Desalina-
tion of wastewater by membrane processes, in combination
with other technologies, can be used to diversify water sup-
plies, but the details of implementation on a site-specific
basis are still under investigation.

Water reclamation and reuse has been studied and prac-
tised in the region since the 1960s, which has led to the first
direct water reclamation (DPR) plant being built in Wind-
hoek, Namibia. Ongoing research and development at Wind-
hoek has led to this plant being internationally considered as
an effective multi-barrier treatment system. South Africa has
taken a conscious decision to regulate water quality
according to its intended use, instead of according to its
source, hence all potable water supplies are required to meet
the same national standard (SANS241-1:2011)5 regardless of
whether the raw water was groundwater, surface water,
treated wastewater, or seawater.

The National Development Plan6 charts a new develop-
ment path to stimulate growth, eliminate poverty and reduce
inequality amongst South Africans by 2030. The plan con-
tains a dedicated section on Water Resources and Services
stating that “before 2030, all South Africans will have afford-
able access to sufficient safe water and hygienic sanitation to
live healthy and dignified lives”. This includes assuring water
supply by investment in water infrastructure and reuse in
particular. The government department which is responsible
for water, the Department of Water and Sanitation (DWS,
564 | Environ. Sci.: Water Res. Technol., 2015, 1, 563–580
formerly the Department of Water Affairs (DWA)) released
the second version of the National Water Resource Strategy
(NWRS2) in 2013.7 The NWRS2 adopts a holistic approach
towards water management, its availability and its use. More
importantly, it defines water resources in a much broader
context. It recognises that the potential for the development
of conventional surface water resources such as large storage
dams are limited and that other water supply requirements
reconciliation options need to be implemented such as water
conservation and demand management, groundwater, desali-
nation, rainwater harvesting and water reuse. The DWA devel-
oped a National Strategy for Water Reuse,8 which provides a
considered approach to the implementation of water reuse
schemes.

Examples of current South African
water reuse schemes

Table 1 lists a selection of recently implemented and cur-
rently planned reuse projects at the locations shown in
Fig. 1. More description of some of the projects is provided
in the following sections.

George – 10 Ml per day IPR plant Ĳ2009/10)

Context. As the largest town in the popular tourism
region, the Garden Route, George also faced water shortages
and had decided on an indirect water reuse strategy where
final effluent from its Outeniqua wastewater treatment plant
(WWTP) is treated to a very high quality through UF and dis-
infection prior to being returned to the main storage facility,
the Garden Route Dam, where it is combined with current
raw water supplies. This initiative augments the existing sup-
ply by 10 Ml per day, approximately one third of the drinking
water demand.

Process configuration. Final effluent from WWTP, drum
screen, UF, disinfection by chlorination, transfer to Garden
Route Dam. Provision has been made for powdered activated
carbon (PAC) addition at George WTW, if required as an
additional operational barrier.

Product water quality. Equivalent to Garden Route Dam
water.

Beaufort West – 2.3 Ml per day DPR plant (2010)

Context. The town of Beaufort West shows a significant
population growth due to increasing economic activities. The
local municipality initialised a project to supply additional
SANS241-1:2011 standard water as a result of a shortage of
drinking water. The proposed solution for this problem was
to build a plant for the reclamation of treated sewage to
deliver SANS241-1:2011 water. The reclamation plant is
maintained and operated by Water and Wastewater Engineer-
ing in a 20 year agreement.

Process configuration. Multi-barrier concept, final effluent
from WWTP, sand filtration, UF, two-stage RO, permeate
disinfected by ultraviolet light (UV).
This journal is © The Royal Society of Chemistry 2015
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Table 1 Recent and planned potable water reuse schemes

Location Consultant Main contractor
Ml per
day Product end use

Main
process

Implementation
status

George RHDHV Aqua engineering (Ovivo) 10 Indirect potable UFa Implemented
Beaufort West RHDHV Water & waste-water

engineering
2.3 Direct potable Multi-barrier Implemented

Bellville (City of Cape Town,
CoCT)

N/A VWS (Veolia) 20 Potential reuse MBRb Under
construction

Port Elizabeth (NMBM) RHDHV N/A 45 Industrial reuse,
potential IPR

MBRb Feasibility and
tender

Hermanus (Overberg) RHDHV N/A 5 Direct potable Multi-barrier Feasibility and
tender

Zandvliet (CoCT) TBA N/A 18 Potential potable reuse MBRb Inception
Potsdam (CoCT) TBA N/A 30 Potential potable reuse MBRb Inception

a Ultrafiltration. b Membrane bioreactor.

Fig. 1 South African DPR and IPR installations (image ©Google Maps; data ©2015 AfriGIS Pty Ltd).
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Product water quality. Better than SANS 241:2006 Class 1
water requirements.
Bellville (city of Cape Town) – 20 Ml per day membrane
bioreactor (MBR) potential reuse (under construction)

Context. The City of Cape Town is in the process of
upgrading the existing Bellville South WWTP to extend capac-
ity by adding a 20 Ml per day MBR module. The objective is
to extend the design capacity of 50 Ml per day of the existing
works in three consecutive 20 Ml per day phases to an ulti-
mate capacity of 110 Ml per day on the available site. MBR
technology was chosen for the first 20 Ml per day extension
This journal is © The Royal Society of Chemistry 2015
phase due to spatial constraints and the possibility of poten-
tial reuse of high quality treated effluent by nearby industrial
users.

Process configuration. Inlet works with coarse and fine
screens, degritters, rotary sieves (protection of membranes),
activated sludge reactor, separate membrane tank with capil-
lary UF (submerged membranes), sludge dewatering.
Port Elizabeth (Nelson Mandela Bay Municipality) – 45 Ml
per day Membrane Bio Reactor (MBR) industrial reuse

Context. Port Elizabeth is a major growth point in South
Africa, in particular the Coega Industrial Development Zone
Environ. Sci.: Water Res. Technol., 2015, 1, 563–580 | 565
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(IDZ). The growth of industries and subsequent population
growth within the municipality creates an increased demand
for treated water. Nelson Mandela Bay Municipality (NMBM)
is also currently affected by severe drought conditions, which
place tremendous stress on existing surface water resources.
The NMBM and Royal HaskoningDHV (formerly SSI Engi-
neers) are in the process of upgrading the existing Fishwater
Flats WWTP to a 170 Ml per day treatment capacity. Planning
and design are underway to provide advanced treatment in
the form of MBRs and RO desalination plants to supplement
the existing water resources and provide the Coega IDZ and
NMBM with sustainable industrial and potable water through
indirect effluent reuse. The first phase of the water reuse
scheme will produce water at 45 Ml per day, which will be
suitable for industrial and/or indirect potable reuse with a
second phase of similar capacity to follow.

Hermanus – 5 Ml per day DPR plant

Context. The Overstrand Municipality is experiencing
drought conditions, resulting in a shortage of drinking water
to the town of Hermanus. Reclamation of effluent for DPR
was selected to augment the existing surface water supply.
The first phase of the project entails the construction of
works to reuse 2.5 Ml per day of effluent with civil works for
a future increase in capacity to 5 Ml per day.

Process configuration. Multi-barrier approach, including
UF pre-treatment, RO desalination, as well as advanced oxida-
tion and carbon filtration. The product from the reuse plant
will be fed directly into the drinking water reticulation
system.

Product water quality. Better than SANS241-1:2011 water
requirements.

While the list above may give the impression that direct
water reuse is established practice in South Africa, in reality
most if not all of the reuse schemes have developed indepen-
dently from one another, and hence probably have involved
much duplication of effort.

Recent South African research

The focus of attention in the past five years has been the
engineering and scientific aspects of product water quality,
and how to co-ordinate the national approach to DPR. Recent
research has therefore investigated and published a compari-
son of different process trains for DPR, a decision-support
and costing model for DPR schemes, and created an imple-
mentation plan for direct and indirect water reuse for domes-
tic purposes.

Wastewater reclamation for potable reuse

The main objective of this research9,10 was to evaluate the
performance of different MBRs as pre-treatment step to pro-
duce potable water.

Three MBR pilot plants were set up at Darvill WWTP in
Durban. Settled sewage was pumped to a 20 kl balancing
566 | Environ. Sci.: Water Res. Technol., 2015, 1, 563–580
tank from where submersible pumps supplied each pilot
plant. The three plants utilised different membranes: Toray
(flat sheet), Norit (tubular) and Pall Corporation (hollow
fibre). The Pall Corporation pilot plant was never successfully
commissioned and therefore only the Toray and Norit pilot
plants produced results. Daily samples were taken and
analysed for one year. The MBRs were evaluated in terms of:
permeate quality, fouling potential of the permeate, fouling
rate (cleaning frequency), stable fluxes, and peak fluxes.

The most important criterion was the composition of per-
meate, because poor permeate can have a negative impact on
downstream processes. The water quality was evaluated in
terms of the permeate water quality being able to consistently
meet set water quality objectives and standards, including
the removal of Contaminants of Emerging Concern (CECs,
such as endocrine disruptors, pharmaceuticals, and personal
care products), for the production of potable water. Although
there were minor differences in product water quality
between the processes, most were compliant with the
SANS241-1:2011 drinking water standard.11 A parallel bench
scale comparison of five different process trains, utilising dif-
ferent combinations of membrane bioreactors (MBRs),
reverse osmosis (RO), ultraviolet light (UV), ozone (O3), nano-
filtration (NF), and granular activated carbon (GAC):

a) MBR-RO-UV
b) MBR-O3/GAC-NF-UV
c) MBR-NF-O3/GAC-UV
d) MBR-NF-UV
e) MBR-O3/GAC-UF-UV

yielded results demonstrating that streamlined process trains
such as MBR-RO-UV (replicating the Singapore process) or
MBR-NF-UV are equally effective as treatment trains with
additional processes such as ozonation and GAC ĲMBR-O3/
GAC-NF-UV). Cost estimates suggested that the membrane-
based process MBR-RO-UV would require less capital invest-
ment than process MBR-O3/GAC-NF-UV, the ozone/GAC-based
treatment process.
Decision-support model for the selection and costing of
direct potable reuse systems from municipal wastewater

Water Supply Authorities (WSAs) face challenges with diversi-
fying the mix of raw water resources they use to provide pota-
ble supplies. Numerous options are available when WSAs, the
DWS, planners and funders want to improve water surety
(and sustainability) or make provision for drought periods.
Sufficient information is often not readily available for the
planners/authorities to make informed selection of the best
options for a specific situation, especially regarding techni-
cal, costing, energy and environmental data. Even if the infor-
mation is obtained, comparison of the best possible options
is often not feasible, because of the differences in priorities
assigned to the multitude of factors making up the main
components of the selection criteria. Swartz et al. (2014)12

created a decision-support system to be used to identify, eval-
uate, compare and select appropriate options that can be
This journal is © The Royal Society of Chemistry 2015
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used to produce sufficient quantities of safe drinking water
from available water sources. The guide also included the
development of a reuse costing model, REUSECOST, and
REUSEDSM, a spreadsheet-based decision support system
was developed to provide a simplistic method to compare dif-
ferent reuse options using multi-criteria analysis. This model
focused on DPR as a water-supply option to augment conven-
tional water source in water scarce areas.

Implementation plan for DPR and IPR for domestic purposes

The NWRS213 defines water resources in a broad context. It
recognises that the potential for development of additional
conventional surface water resources is limited and that
other reconciliation options need to be implemented such as
water conservation and demand management, groundwater,
desalination, rainwater harvesting and water reuse. The DWS
also developed a National Strategy for Water Reuse,14 which
provides a considered approach to the implementation of
water reuse projects.

The National Strategy for Water Reuse has to date not
been broadly communicated and consulted. The consultation
process to date focussed on the core NWRS2 document and
not specifically on the enabling strategies which include the
Desalination Strategy and the Water Reuse Strategy.

The aim of this project was to develop a plan to bridge the
gap between the strategy and implementation of water reuse
for domestic/potable water use in consultation with the DWS
and the WRC. The document was informed by a study of
international best practices as well as a locally held workshop
on water reuse.

The key strategic interventions recommended in the
National Strategy for Water Reuse were unpacked, and
recommended actions were developed.15

South African challenges and current
research

No South African guidelines exist specifically for water supply
authorities currently managing or planning DPR, in terms of
what the specific health-based targets are, what to monitor
(microbiological, chemical, organic micropollutants, endo-
crine disrupting compounds and chemicals of emerging con-
cern), and how to undertake the process of public engage-
ment. These uncertainties have precipitated research into
creating benchmarks for water quality and operational costs,
and into emerging pollutants and social licensing of DPR.

Investigation into the cost and water quality aspects of water
desalination and reuse plants

With known feed water and target product water qualities,
conventional WTWs are relatively standard and consistent in
price. However, the infrastructure in front of (intakes, pre-
treatment, etc.) and following (waste discharge, product water
pumping systems), and the basic plant building block (mem-
brane system) are major variables in determining the capital
This journal is © The Royal Society of Chemistry 2015
and operating costs of the selected solutions. Each location
and situation has different advantages and challenges to be
evaluated for making the best decisions for implementation.
This project will compare and document actual cost and
water quality data from various South African projects to
establish a first-order knowledge base for desalination and
reuse for the augmentation of water supply in a South African
context.

Monitoring, management and communication of water
quality and public acceptance in the direct reclamation of
municipal wastewater for drinking purposes

Water reclamation plants have been constructed and are in
operation in Beaufort West (DPR), George (IPR) and Mossel
Bay (industrial reuse), while DPR in Durban and Hermanus
is at an advanced planning stage. While considerable work
has been done globally to provide a regulatory framework,
including monitoring requirements, little has been done
locally. The main concerns are health risks associated with
the consumption of direct reclaimed wastewater. The main
aim of this project is to develop a framework for DPR,
consisting of health-based monitoring programmes (for com-
pliance and operational barriers, including engineered
buffers), funding sources and regulatory approval. The main
impacts of implementation of the framework will be
improved sustainability of supplementary and alternative
drinking water supply to alleviate water scarcity, to improve
health and to stimulate economic development.

An investigation into the social, institutional and economic
implications of reusing reclaimed wastewater for domestic
application in South Africa

Despite people's acknowledgement of water scarcity, the gen-
eral public often has little knowledge of water and wastewater
treatment and distribution. Current literature is almost silent
on community awareness and engagement on the issue of
DPR. The need to engage communities is a principle
enshrined within the South African constitution and is reiter-
ated in the water service regulation strategy, which empha-
sises the need for citizens' voice. The underestimation of this
need cannot be more vividly illustrated than by the recent
service delivery protests riddling South Africa, stemming
from experiences/perceptions of unsatisfactory service deliv-
ery, with drinking water being no exception. This project will
provide an understanding of the social, economic and insti-
tutional implications and consequences of DPR.

Islamic jurisprudence and conditions for acceptability of
reclamation of wastewater for potable use by Muslim users –
case study of eThekwini municipality

Recycling of water and water reuse are the key approaches
being advocated to deal with the growing constraints of fresh-
water. None however, is as controversial as DPR, especially
amongst the followers of Islam. A recent announcement by
eThekwini municipality (Durban) on its intentions to reclaim
Environ. Sci.: Water Res. Technol., 2015, 1, 563–580 | 567
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Fig. 2 Water recycling locations around Australia. Reproduced with
permission from AWRCE.
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wastewater for potable use resulted in opposition and rejec-
tion from members of the Muslim community. Yet the reality
is that many places in South Africa have very little choice and
out of need have opted for water reuse. In 2013 the George
and Mossel Bay regions of the south coast suffered serious
water shortages and used desalination to augment their water
supply. The Durban objections are based on the notion that
the water does not comply with religious requirements. Ques-
tions arise as to whether these sentiments are based on mis-
perceptions: What does Islamic jurisprudence, the Quran
and the Sunnah mention? More interestingly, this project is
exploring whether the mindset or perceptions and attitudes
of Muslims would shift to acceptance of DPR should the facts
from an Islamic perspective be found to be supportive or
accepting of it.

Emerging contaminants in wastewater treated for direct
potable reuse: the human health risk priorities in South
Africa

The possible presence of CECs in reclaimed municipal waste-
water is of critical concern because of potential adverse
impacts to human health. Specific health effects criteria in
the evaluation of DPR include (1) primary health concerns of
wastewater reuse that are the long term health outcomes of
ingesting chemical contaminants found in recycled water, (2)
health risks of using recycled water as a potable water supply
compared against similar risk by conventional water supplies,
and (3) the need for extensive toxicity programs. Much
research has been done in Southern Africa and overseas on
water reuse. However, to date there are no guidelines for the
South African water sector. This project will identify CECs in
South African reclaimed potable water, their sources, path-
ways and receptors, potential risk from exposure to these
chemicals, performance of water reclamation treatment sys-
tems and risks for DPR in South Africa. Assessment of DPR
systems for the removal of contaminants that may have nega-
tive health impacts will provide a good basis for the develop-
ment of South African guidelines for implementation of bar-
riers, monitoring programmes and assessment programmes
to eliminate or minimise risks and can improve public accep-
tance of reclaimed water.

Endocrine disrupting compounds removal by wastewater
treatment plants

Increasing attention has been focused on endocrine
disrupting compounds (EDCs) as CECs in municipal waste-
water. These compounds can have a negative impact on the
environment, and in many cases they are not sufficiently
removed in WWTWs. Moreover, their destruction and trans-
port into the environment depend on the design and opera-
tional characteristics of these treatment systems and on the
properties of the chemicals themselves. Insufficient measure-
ments made at various stages within the WWTWs prevent
adequate analyses of how each unit process contributes to
degradation. Identifying the performance of each WWT
568 | Environ. Sci.: Water Res. Technol., 2015, 1, 563–580
process in removing EDCs will therefore assist in optimizing
existing treatment technology by developing accurate rela-
tionships between operational parameters and removal of
EDCs. There is also a need to consider a mass balance
approach that takes into account all forms of the compound
in both liquid and solid phases. Issues of potential concern
in performing mass balances are little known in South Africa
context. This project is focused on activated sludge, trickling
filters and oxidation ponds. A comparison of these processes
will reveal the most effective systems or/and the best
performing stage in removing EDCs and how to optimise
each stage, thereby addressing several key data gaps on the
removal of EDCs in WWTWs.

Australia

In Australia, a range of urban and regional water recycling
projects have been built to extend the communities initial
investment in the infrastructure to collect and treat wastewa-
ter, and these projects reflect the highly urbanised and near-
coastal population distribution within the country (Fig. 2).16

Although implementation of the projects commenced slowly,
growth in water recycling has been almost exponential in the
last 20 years as a result of a change in how water is valued by
the community (related to the decline in rainfall, Fig. 3),
planning to accommodate population growth and as a means
of ensuring that growth can continue in areas where local
fresh water supplies cannot cater for current or future
demands.

From the late 1970s to the early 1990s, water recycling was
promoted in Australia as an alternative to the discharge of
wastewater into receiving waters.17 As the level of treatment
required for discharge to the environment increased, it was
recognised that it would be beneficial to use this water
resource for the irrigation of crops, pasture and public gar-
dens as well as in the maintenance of sporting fields and rec-
reational areas. By the mid 1990s the first recycled water
scheme to supply water directly to industry was commis-
sioned at the largest power station in New South Wales
This journal is © The Royal Society of Chemistry 2015

http://dx.doi.org/10.1039/c5ew00165j


Fig. 3 Annual total rainfall trends in Australia between 1950 and 2008 (© Australian Government Bureau of Meteorology).
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(NSW), while the release and development of land for new
residential developments in NSW and Victoria included provi-
sions for a third pipe to deliver water from a centralised
recycling facility to individual domiciles for outdoor use and
toilet flushing. From around 2000 to 2002, which was the
start of approximately seven years of drought in eastern Aus-
tralia, the effects of population growth coupled with less pre-
dictable and declining yield from dams and reservoirs accel-
erated the development of water recycling schemes.18

During this period the motivation was to develop schemes
that offset the need to supply water from the potable distribu-
tion system. The result was an increase in schemes supplying
the petrochemical, building material and paper industries
and third pipe schemes for both suburban Greenfield develop-
ments as well as new urban in-fill developments. In addition,
recycling schemes were implemented to offset the release of
surface water stored in dams and impoundments to maintain
environmental flows in rivers and recharge aquifers.19

Water recycling for drinking in
Australia

In addition to being the driest inhabited continent, from
approximately 2000 to 2008 Australia's ‘millennium drought’
put planned recycling for augmentation of potable supplies
on the agenda of communities in both metropolitan and
regional Australia. Replenishment of surface waters or
groundwater using water from a water recycling plant is
referred to in Australia as Indirect Potable Reuse (IPR). Under
an IPR scheme the water will eventually be used for drinking
water, however it will be supplied indirectly through the
This journal is © The Royal Society of Chemistry 2015
source water storage and will receive additional treatment in
a water treatment plant prior to distribution. The alternative
to IPR is Direct Potable Reuse (DPR), where the water is
blended into the drinking water being supplied to the con-
sumer through the distribution system.
Indirect potable reuse in Australia

Indirect Potable Reuse has been considered for regional com-
munities in Goulburn, NSW, the Australian Capital Territory
(ACT) and Toowoomba, Queensland.20 The need for the IPR
project in Goulburn was obviated by the NSW Government's
decision to construct a water transfer pipeline, while the pro-
posed IPR project for the ACT did not proceed past the plan-
ning study. In the case of Toowoomba, however, the project
moved through the planning phase and attracted support
from the Australian Government for A$22.9m of the A$67.8m
total project cost, subject to community support in a referen-
dum. The community, however, voted 61% to 38% against
the project and the IPR project was abandoned.

Two purpose built IPR schemes have since been
constructed in the Australian capital cities of Brisbane and
Perth. The Western Corridor Recycled Water Scheme in South
East Queensland was designed and built to produce drinking
quality water suitable for release into the Wivenhoe Dam,
Brisbane's principal water storage.21 The scheme consisted of
three advanced water treatment plants which drew feedwater
from six nutrient removal wastewater treatment plants. Each
of the three advanced water recycling plants incorporated
microfiltration (MF) and RO followed by an advanced oxida-
tion system using UV light and hydrogen peroxide to remove
Environ. Sci.: Water Res. Technol., 2015, 1, 563–580 | 569
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specific disinfection by-products and non-specific low molec-
ular weight organics.

The project had a production capacity of 232 ML per day
and over 200 km of interconnecting and product water deliv-
ery pipelines. The project was delivered during the later
stages of the millennium drought when the dam levels
ranged from 17 to 30%, however, significant rains in early
2008 raised dam levels to over 40%. This change in dam
levels, combined with a perceived reduction in public support
for IPR prior to a November 2008 election resulted in a deci-
sion not to augment drinking water supplies until dam levels
again fell below 40%. For several years the scheme operated
at reduced capacity supplying reclaimed water to two major
power stations, and is now being decommissioned.22

In Perth in Western Australia, the Western Australia Water
Corporation operated a three-year demonstration project
investigating the feasibility of reclaiming water from the
Beenyup WWTP using membrane filtration, RO and UV disin-
fection prior to injection into a sub-surface aquifer. The
demonstration concluded in 2012, and in 2013 the Western
Australian Government agreed to a full-scale groundwater
recharge scheme, which commenced construction in 2014.
When complete, the full-scale facility will provide 14 Gl per
annum to the aquifers supplying Perth's drinking water, with
the option to expand to 28 Gl per annum in the future.
Direct potable reuse in Australia

While there are currently no full scale DPR schemes operat-
ing in Australia, the Australian Antarctic Division is investi-
gating the option of installing a potable reuse scheme at its
Davis research base in Antarctica. To enhance the quality of
the marine discharge from the Davis WWTP, a number of dif-
ferent, proven technologies have been selected. The advanced
waste water treatment plant comprises several advanced oxi-
dation technologies including O3, UV and chlorine as well as
UF, AC filtration and RO. A demonstration plant had been
commissioned at a wastewater treatment plant in Tasmania,
and monitoring and evaluation of reliability and treatment
efficacy are currently occurring. At this stage no decision has
been made about whether the water produced by the plant
will be reused at Davis Station or simply discharged to the
ocean. This decision will be made in the future after
extended consultation with Australian Antarctic Division staff
and expeditioners as well as independent assessment and
regulation of the technical solution.23
Australian challenges to water
recycling for drinking

In the last 20 years there has been considerable progress in
expanding the scope and capacity for water recycling in Aus-
tralia. There are, however, challenges to the continued devel-
opment and expansion of water recycling for drinking appli-
cations, and it is important that they are identified and
570 | Environ. Sci.: Water Res. Technol., 2015, 1, 563–580
addressed in order for the full potential of this supply source
to be realised.

In 2010 and again in 2012 the Australian Water Recycling
Centre of Excellence (AWRCE) worked with Australia's gov-
ernment, utility, private enterprise and research sectors to
identify some of the key national challenges facing the water
recycling sector.24 Examples of such challenges include the
current institutional capacity to deliver operate and manage
water recycling schemes, poor understanding of the cost ben-
efits of water recycling, the lack of a national/international
database (or warehouse) of water recycling schemes, variable
application of national guidelines, uniform and reliable ana-
lytical capacity, social and political issues and concerns. The
results of these discussions are briefly summarised in a num-
ber of themes below:

Technology, efficiency and integration

The century-old concept in urban and rural water system
design has been to maintain a strict separation of clean water
(drinking water) and “dirty water” (wastewater) to ensure
minimal human health risks due to pathogens and other
contaminants crossing from the so-called dirty to the clean
water stream. Over the years, the treatment technologies in
both streams have improved considerably, to the point where
it is now technically feasible to create water of a quality from
a wastewater stream that is equivalent or superior to that of
the traditional ‘clean water’.

Water recycling technologies therefore sit between the
drinking and wastewater streams, as they are (typically) using
wastewater as a source and generating a water quality that
can be used to either replace or augment drinking water sup-
plies. It is therefore critically important that these “new”
water treatment technologies work most efficiently for the
end-uses for which they are designed, and that they integrate
optimally into that space between the clean and the dirty
water streams.

Some of the key challenges in this Theme are seen as:
1 Improving on-line monitoring of water qualities at all

stages within a water recycling scheme (source control to
final product water).

2 Optimisation of existing process technologies and trains.
3 Optimal integration of water sources, users and technol-

ogies to achieve most suitable outcomes with least impacts.
4 Development of innovative technologies for water

recycling.

Water quality, risk and scheme validation

The development of the Australian Guidelines for Water
Recycling in 200825 provided the basis for application of a
preventive risk management approach, and the principles
and a framework for safe implementation of water recycling
for drinking projects. The guidance, however, is not prescrip-
tive and, within the bounds of ensuring safe drinking water,
allows for flexibility in application. These national guidelines
have been developed through expert scientific and industry
This journal is © The Royal Society of Chemistry 2015
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input and have been adopted by all states and territories in
Australia.

Notwithstanding the success of the guidelines, a chal-
lenge to achieving wide-scale uptake of water recycling, par-
ticularly with high quality reuse schemes such as potable
reuse, has been defining (amongst practitioners, regulators
and the general community) the acceptability of the risk
associated with the intended form of reuse. In addition,
industry validation of such schemes can be a complex and
costly exercise.

Some of the challenges in this theme include:
1 Understanding acute risk from pathogens including

identification, measurement and validation of their removal.
2 The risks and toxicity associated with chemicals and

transformation products (single chemicals and mixtures).
3 Determining the minimum log removal for a whole

treatment train that achieves risk minimisation and is not
overly conservative.
Social, institutional, and economic

Successful development, implementation and continuing
support for water recycling schemes will involve effective but
fluid interactions between industry experts, policy makers,
financial institutions and the community. To be effective will
require the arguments and tools for a prioritised investment
in alternate water supply portfolios, building decision sup-
port for innovative policy design and implementation, and
developing implementation and evaluation programs to
ensure community and industry acceptance of water recycling
for drinking.

The challenges in this theme are often interdependent,
and relate to the social and economic opportunities and con-
straints inherent in the relationships within and between
government, industry and the broader community.

Some of the challenges in this theme include:
1 Understanding the direct and indirect (lifecycle) costs

and triple bottom line cost effectiveness of recycling relative
to other water supply investment options.

2 Clarifying and enhancing the institutional basis of pub-
lic confidence in water and recycled water management.

3 Establishing the most effective methods and modes of
communicating about water recycling to the public.

Current Australian research initiatives

In addition to the University research sector, Australia has
several national organisations currently involved in research
into urban water. They include Australia's peak organization
representing water utilities, Water Services Association of
Australia,26 Water Research Australia,27 the National Centre
of Excellence in Desalination Australia,28 and Australia's
national research agency the CSIRO.29

Guided by the discussions with industry and its strategic
research plan, and funded by the Commonwealth Govern-
ment, the AWRCE partnered with these organisations to
This journal is © The Royal Society of Chemistry 2015
invest in industry lead research initiatives to address a num-
ber of the challenges outlined above.

Two national priorities for investment that were identified
by the industry and which would build confidence and sup-
port for water recycling schemes were firstly, to develop a
nationally consistent approach to validation of water
recycling technology; and secondly to invest in tools to assist
proponents engage with the community on water recycling
for drinking.

Consistent validation of technologies

Validation is confirmation that a treatment technology meets
specific performance targets. Currently, there is no consistent
approach to validating treatment technologies against the
Australian Guidelines for Water Recycling, making existing
recycled water scheme validation slow, complex and costly
due to differences regarding the validation required to gain
regulatory approval across jurisdictions. This project aims to
deliver a national framework for validating treatment tech-
nologies that could have application in other countries. The
project involves collaboration between Australia's regulatory,
utility and private enterprise sectors to develop and imple-
ment an agreed national approach, and a series of research
projects designed to develop protocols for validation of key
technologies.

Engagement with communities

Despite increasing pressure on traditional potable water
sources, there are still major challenges to successfully engag-
ing with the community and stakeholders around water
recycling for drinking. This project has investigated how to
address these challenges and has developed high quality,
evidence-based resources for community, government, media
and industry. The project involved three research streams.
Stream 1 focused on the technical aspects and performance
of existing water recycling. Stream 2 focused on the social
science related to community perceptions, and beliefs and
factors that influence community decision making, as well as
communication and regulatory aspects related to using
recycled water for drinking. Stream 3 has produced a variety
of products for education and communication with commu-
nities that are taking the journey towards water recycling for
drinking.

Additional projects

In addition to the two significant national initiatives above,
the Centre and other project partners are funding research
into assessment of chemical mixtures, demonstration trials
of direct potable reuse with the Australian Antarctic Division,
and has released a summary of the state of direct potable
recycling through the Australian Academy of Technological
Sciences and Engineering.30 The Centre has also initiated sev-
eral information and knowledge-based projects, such as a
national water recycling and desalination website and data-
base in partnership with the Australian Bureau of
Environ. Sci.: Water Res. Technol., 2015, 1, 563–580 | 571
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Meteorology, NCEDA and CSIRO.31 The website provides data
on Australia's production and use of recycled water and
desalination.

The United States of America

The US is diverse in its water availability and water manage-
ment challenges, directly impacting the increased trend in
the implementation of potable reuse over the last three to
five years. Clearly the strongest driver is found in the Sun
Belt region from Texas to California where water availability
has significantly decreased as a result of record droughts
(Fig. 4). The drought has left communities in situations
where there are no alternatives except to implement potable
reuse. While the South-eastern part of the country receives
over 1500 mm per year of precipitation, they lack upland
storage and are challenged by a flat topography, dense
populations, and the potential for flooding, resulting in sig-
nificant loses of freshwater to tide. The resulting over
pumping of aquifers to maintain adequate water supplies
has secondary impacts on critical environmental systems.
And in areas where discharge limits drive the advanced treat-
ment of traditional wastewater disposal into rivers and
streams, the cost of such treatment is prohibitive given more
appropriate uses for such water. In addition, populations
continue to rise all over the country, driving the need for
water supply diversification for urban water supplies, as well
as agricultural and industrial supplies.
572 | Environ. Sci.: Water Res. Technol., 2015, 1, 563–580

Fig. 4 Reproduced with according to USDA conditions of use, United State
There is no national regulation of reuse in the US. Most
individual states have developed regulations for non-potable,
IPR, and/or DPR, as seen in Fig. 5. The US Environmental
Protection Agency (USEPA) has developed Water Reuse Guide-
lines, most recently updated in 2012. It is a comprehensive
document summarizing state's status and regulations, prac-
tices, and case studies. A special addendum on Potable Reuse
is expected in late 2015. Additionally, with support from
Water Environment Federation and American Water Works
Association, WateReuse commissioned a national DPR
Framework to provide context for states interested in potable
reuse as a means to extend their drinking water supply. It
includes issues such as public health protection, sufficient
multiple barriers, risk assessment, water quality monitoring,
and operation management that states can use to develop
guidelines for Direct Potable Reuse.

Potable reuse will be an essential component of a future
water portfolio that must meet the needs of the projected
2030 California population of 50 million32 and USA popula-
tion of 360 million.33 According to one estimate, reusing the
country's 45 Gl per day of wastewater effluent that is
discharged to the ocean could supply 27% of public water
supply.34 A research study funded by WateReuse forecasted
the amount of highly treated wastewater in California that
will be discharged to the ocean or to inland waterways in
2020 that could instead be used for potable supplies. This
amount (3800 Ml per day) is sufficient potable water to sup-
ply all municipal needs (including commercial and industrial
This journal is © The Royal Society of Chemistry 2015

s Drought Monitor.36
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Fig. 5 State of reuse in the US. Reproduced with permission from Hazen and Sawyer.
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uses) for over eight million Californians, or roughly one-fifth
of the state's projected population for 2020, as seen in Fig. 5.
It also determined the economic sensibility of potable reuse,
in that it is cost competitive and often cheaper than alternate
supply sources such as desalination, imported water, non-
potable reuse,35 not to mention requires far less energy.
Examples of potable reuse in the USA
Indirect potable reuse

Indirect potable reuse has been practised in California since
1962 (Montebello Forebay) and since has expanded across
the nation. The Upper Occoquan Service Authority in Virginia
has been augmenting its surface water supply with recycled
water since 1978.

The Groundwater Replenishment System (GWRS) water
purification facility operated by the Orange County Water
District (OCWD) has proven to be the gold standard for pota-
ble reuse. In operation since 2008, the plant uses a number
of proven technologies, including MF, RO, and advanced oxida-
tion. The resulting purified water meets or exceeds US pota-
ble drinking water standards and because all unregulated
chemicals known or suspected to be of health concern are
reduced to non-measurable or de minimis levels, the water is
considered to be safe for direct human consumption. In Cali-
fornia alone, there are seven permitted IPR facilities produc-
ing 244 100 Ml per year (197 916 acre feet per year) and
dozens more scoped to produce 387 700 Ml per year (314 306
AFY) in planning.37 These and other IPR facilities have laid
This journal is © The Royal Society of Chemistry 2015
the groundwork and been the catapult to enable the removal
of the environmental buffer and practice DPR.

Direct potable reuse

The first operational DPR sites in the USA are in Big Spring
and Wichita Falls, both in Texas. The treatment technologies
employed at these locations have been accepted by various reg-
ulatory authorities as being able to reliably produce safe pota-
ble drinking water, and the implementation of these projects
has been accepted by the public. Other states are actively pur-
suing DPR, either through assembling expert panels, develop-
ing regulations, and/or launching pilots, including California,
Georgia, North Carolina, Oklahoma, and New Mexico (Fig. 6).

Current research in the USA

Indirect potable reuse has been successfully practised for
decades, paving the way for DPR. As we move from IPR to
DPR, we must recognize and quantify the benefit of the dif-
ference. IPR has the physical and psychological safety net of
the environmental buffer, which offers dilution, blending,
and natural attenuation that occur as water passes through
an aquifer or a reservoir. Maybe more importantly, the envi-
ronmental buffer provides time to detect and respond to
treatment failures, something that may be significantly
reduced in DPR. However, research suggests that enhanced
treatment and monitoring can replace the need for retention
time in environmental buffers, while still protecting public
health.38 An illustration of this concept (Fig. 7) shows the
Environ. Sci.: Water Res. Technol., 2015, 1, 563–580 | 573
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Fig. 6 Potential of potable reuse in CA, adapted with permission from
WRRF-14-08.

Fig. 7 Illustration of IPR (left) versus DPR (right), used with permission
from Trussell Technologies.

Table 2 Intensity of research focus on different research areas at WRRF

Research area (projects can cover multiples areas
of research)

No. of WRRF
projects

DPR vs. alternatives, economics 4
Evaluation of potential DPR trains 14
Demonstration of reliable, redundant treatment
performance

19

Critical control points 5
Pathogens: surrogates, credits 16
Pathogens: rapid/continuous monitoring 10
Failure and resiliency 10
Public perception and acceptance 3
CEC removal and risk 9
Operations training, framework 5
Source control 2
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variations of treatment, monitoring, and retention time in
IPR and DPR, both equally protective of public health. Reli-
ability in DPR requires robust and redundant treatment and
monitoring – key to its success and a major research focus.

The WateReuse Research Foundation (WRRF) has identi-
fied DPR as a key component of future water supplies. In
response to Senate Bill 918 in California, in 2012 the Founda-
tion joined WateReuse California to launch the Direct Pota-
ble Reuse Initiative. This initiative seeks to expand the use of
recycled water within California, and to aid regulators in
understanding the feasibility of developing criteria for DPR.
574 | Environ. Sci.: Water Res. Technol., 2015, 1, 563–580
To address knowledge gaps and concerns from regulators,
utilities, and customers, WateReuse has raised more than US
$6 million for DPR research.

The California State Water Resources Control Board
(SWRCB) has set up an Expert Panel under its Division of
Drinking Water Programs (DDW) to make a recommendation
on the feasibility of developing DPR criteria by 2016. All of
the research under the Foundation's DPR Initiative is made
available to the DDW Expert Panel for their consideration as
they navigate the important task. To date, the Foundation
has allocated US$6 million to fund 34 DPR research projects,
a program valued at US$20 million and counting.

The WRRF's research efforts have focused on a variety of
topics relating to the regulatory, utility, community concerns
with DPR (Table 2). Included among the WRRF's research
work are projects investigating the reliability and effective-
ness of various treatment processes in their ability to remove
pollutants and other impurities from a wastewater stream.
The WRRF is also looking at the critical control points within
a treatment system to determine what stages of the treatment
process are most vulnerable. Additional work is looking at
real-time monitoring systems to allow operators to detect
abnormalities in the treatment system and develop solutions
to such anomalies before they become a public health risk.
The goal of a follow on project is to interpret and manage
the vast qualities of data produced by sensors and monitors.

Much of the WRRF's DPR research is based on the “4R”
concept (reliability, robustness, resiliency, and redundancy),
fully explored by a DPR demonstration project in San Diego
led by Trussell Technologies. This project leverages the state
of the science and lessons learned from IPR and gathered an
expert panel to develop an experimental plan for DPR. The
“4Rs” are the basis: Reliability is built through the use of
redundancy in both treatment and monitoring to ensure that
treatment goals are more reliably met or more reliably dem-
onstrated. Robustness allows the system to address a broad
variety of contaminants—both known and unknown—while
also preventing the occurrence of catastrophic failures.
Responding to failures that may occur without needing to
shut down operation is explored through resilience.39
This journal is © The Royal Society of Chemistry 2015
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While in California, the potable reuse treatment train of
choice includes RO (along with microfiltration and advanced
oxidation with ultraviolet light), this is not ideal for inland
communities. Alternate advanced options are being studied
to ensure they also meet public health requirements. Numer-
ous projects, including a project in Gwinnet County, GA
being launched summer of 2015, investigates a process
including granular activated carbon (GAC) and ozone.

From the viewpoint of utility operations, WRRF research
is exploring the unique operations and maintenance (O&M)
needs a DPR system may face compared to traditional waste-
water and drinking water treatment facilities. Requirements
for engineered storage as well as blending with traditional
sources of drinking water is also being investigated, acknowl-
edging that more than just an effective treatment system is
needed to fully integrate potable reuse into a complete drink-
ing water treatment and distribution system. Aside from tech-
nology and engineering needs, economic issues associated
with DPR are also being studied to help and empower utili-
ties and communities to make informed water supply plan-
ning decisions.

Addressing community concerns represents a significant
challenge in achieving the goal of widespread public accep-
tance for DPR. A large DPR outreach effort was initiated at
the WRRF to develop community and state plans to foster
DPR acceptance (these were tailored to CA, however are appli-
cable across nation and world). Findings from an extensive
literature review and one-on-one meetings with water and
health professionals, legislators, and special interest groups
were used to develop a set of messages, which were tested in
focus groups and telephone surveys in two model communi-
ties. Public acceptance of potable reuse can be achieved by
implementing a coordinated, consistent and transparent
communication plan. The next phase of this effort is under-
way to develop messaging material and tools for implementa-
tion of the communication plans developed in phase 1, such
as pamphlets, PSAs, and videos which are being prepared
and will be available on a new WateReuse website with an
expanded education/outreach focus. Included here will be a
global map of potable reuse, developed originally by AWRCE
and expanded by WateReuse.

Research needs and challenges in the
USA
Water quality and public health

Direct potable reuse relies on a multi-barrier approach to
remove contaminants, both microbiological and chemical.
Microbes can present an acute health risk, and detection and
removal is well established through surrogates. Increased
sensitivity will benefit the industry, and molecular methods
and genomic mapping may expand microbial monitoring and
detection in the future. On the chemical side, current and
future known and unknown chemicals may pose a greater
challenge than pathogens to assess and manage. We currently
have analytical methods to measure many chemicals at
This journal is © The Royal Society of Chemistry 2015
trace levels, but tying this to risk is not well established.
Thousands of chemicals are being introduced annually, so
monitoring many individual chemicals is difficult and expen-
sive. There are unknown individual chemicals, mixtures, and
disinfection by-products (DBPs) to understand. The chemical-
by-chemical risk paradigm will likely be outpaced by the dis-
covery of new chemicals, and is not intended to address
chemical mixtures, some of which cannot be monitored
using currently available methods. Therefore more research
on the use of non-traditional monitoring, including bio-
analytical screening tools and other techniques that may be
able to detect unknowns and mixtures should be explored,
while linking it to risk, to potentially supplement current
monitoring.

Operations and training

Effective operations are critical for any treatment plant, and
will be especially crucial for the success of DPR due to its
minimal response time. Additionally, potable reuse employs
advanced treatment technologies and monitoring that
require sophisticated training and operation. Several entities
including WRRF have projects/committees underway to
develop operational O&M plans, training, and certification
for DPR., It is important to work together to standardize and
disseminate the O&M plans and ensure that operators are
well trained and certified.

Public acceptance

The public has come a long way in terms of acceptance of
recycled water for non-potable purposes, and that is thanks
to the comprehensive outreach campaigns of their local utili-
ties. With IPR, the environmental barrier often comforts peo-
ple (while in reality it in fact can degrade the water quality).
Direct potable reuse is a concept where the ‘yuck factor’ can
be overwhelming for some. But with the right people commu-
nicating the right messages to all communities, paying spe-
cial attention to those who are most reluctant and vocal, DPR
has a great chance of being embraced as a sensible, safe
source of supply.

Discussion and conclusions

The real value of water is often underestimated, and only
apparent when there is a risk of running out of supply or a
demonstrated commercial benefit. This is illustrated by pro-
jects such as the reuse initiative of Durban Water Recycling,40

the Western Corridor Project in Brisbane, or the value of reli-
ability studies at WRRF. The drivers for increasing IPR and
DPR in all three of the countries considered have been com-
mon: shortages of water in the exact locations where demand
for potable quality water exceeds supply; the uniqueness of
water's diseconomies of scale, inasmuch as the more volume
of water is required, the further one has to go to get it; the
corollary economic comparison of reuse of wastewater versus
discharge to the receiving environment; and the increasing
Environ. Sci.: Water Res. Technol., 2015, 1, 563–580 | 575
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demand nationally as the human population both increases
and becomes more urbanised.

At a national policy and planning level, the three countries
have slightly differing approaches to providing guidance and
regulatory oversight to potable recycling projects.

South Africa has elected to implement the SANS241
national standard for potable water supply regardless of the
source of the raw water. Using health risk – based standards
and approaches similar to those set out in the World Health
Organization's Guidelines for drinking-water quality,41 the
national monitoring and evaluation demand that a set list of
determinands be measured in water entering the bulk supply
system at set intervals, depending on the size of population
or population equivalents being served by the supply. Direct
and indirect reuse projects are subjected to a full environ-
mental and social impact assessment (ESIA) including broad
consultation with the affected communities and stake-
holders. This process, supported by a rigorous regulatory
approval, licensing and review of the technology used ensure
that the public health and safety are guaranteed.42

Under the Australian constitution, much of the policy,
planning and regulatory responsibility for water rests with
the States, not the Commonwealth Government. To ensure
there is a common, shared national approach to the protec-
tion of public health and safety, Australia has developed an
agreed risk based approach to managing and protecting pub-
lic and environmental health under a National Water Quality
Management Strategy (NWQMS).43 The Water Quality Man-
agement Framework, used in the NWQMS outlines a step by
step process for planning, implementing and managing water
quality projects, including water recycling, and has been
adopted into practice by all Australian States and Territories.

In the US, there is no national regulation of reuse; how-
ever USEPA has issued Water Reuse Guidelines,44 updated
several times since its debut in 1980. States have developed
their own regulatory frameworks for reuse to protect public
health, administered by their given environmental/water reg-
ulatory body. Most states have non-potable reuse regulations
in place, and many have or are exploring potable reuse
regulations.

Notwithstanding the various policy and planning
approaches, the USA, Australia, and South Africa appear to be
focusing their current research resources on at least four
common areas (in no order of priority):

1 The cost/benefits of potable reuse.
2 Appropriate testing, monitoring and evaluation to

ensure consumer safety from acute (pathogen) risks.
3 Detection, monitoring and assessment of emerging con-

taminants of concern (CECs).
4 Public acceptance and social consequences of potable

recycling projects.
Cost/benefits

As a relatively new initiative in all three countries, the costs
and benefits of potable recycling are still poorly understood
576 | Environ. Sci.: Water Res. Technol., 2015, 1, 563–580
compared to the traditional water supply sources. Developing
an improved costs and benefits understanding to inform
optimization of treatment train design under local condi-
tions, potential operating efficiencies associated with chemi-
cal and energy inputs or recovery, and optimization of the
traditional wastewater treatment to complement and in
future seamlessly integrate with water recycling are examples
of common challenges. Further developing and applying Tri-
ple Bottom Line methodologies to characterize and evaluate
potable recycling relative to other water supply options will
continue to be an important tool in moving water recycling
from being seen as a drought relief option to a mainstream
water supply source on par with surface water storages and
groundwater supplies.

Acute risks

Under its national Guidelines approach, Australia has
adopted health based targets to set and assess the perfor-
mance of its water treatment infrastructure, South Africa has
a single potable water regulatory requirement (in SANS241-145

and SANS241-246), and the US has both national (e.g. USEPA
UV) and state reuse (e.g. California regulations) guidance on
the use of technologies in water and recycled water treat-
ment. A common driver in all countries is the need to consis-
tently and transparently demonstrate and monitor an appro-
priate reduction in pathogens across the treatment processes
used to produce potable water. Australia has recently initi-
ated a significant research program designed to validate
water treatment technologies for pathogen reduction which
is complemented by technology validation research currently
sponsored by WateReuse Research Foundation in the United
States. There is clearly increasing opportunities for countries
to share their research about technology validation, but it will
require close partnerships between groups internationally to
ensure that consistent approaches to the interpretation and
application of the findings occurs.

Chemicals of concern

The current research areas of all three countries places
strong emphasis on addressing micro pollutants and emerg-
ing contaminants. One hundred thousand (100 000) new
chemicals are developed annually, and only 2000 are being
analysed for the impact on the aquatic environment and
health. The current methods of detection are perceived as
inadequate in the face of a rapidly increasing number and
diversity of CECs, and research is turning more and more to
alternative monitoring and evaluation paradigms, such as
direct toxicity assessment or whole effluent toxicity measure-
ment, quantitative structure–activity relationship models
(QSAR models), and the measurement of activity rather than
concentration of contaminants. The use of bioanalytical
tools to characterize source waters, optimise treatment pro-
cesses, and assess product water quality for human health
outcomes appears to be a rapidly developing field of interest
across all three countries.
This journal is © The Royal Society of Chemistry 2015
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Communication and engagement

The rapid development of cost-effective technology options,
and our ability to sequence treatment technologies to treat
waters of varying biological and chemical quality is increas-
ing the industry's confidence that the treatment of wastewa-
ter is a viable technical option to service future water supply
needs. Communicating with and engaging the broader com-
munity in a discussion of the role of potable reuse in our
water future is still, however, a significant challenge across
the three countries. Social research is increasingly suggesting
we need to enhance our efforts to explain the fundamentals
of the water cycle as we engage in discussions about the
needs, risks and benefits of potable reuse. Developing com-
munication and engagement tools and processes to help
communities, politicians, governments and industry take the
journey to potable recycling will continue to be an important
research need for some time to come.

Research to innovation to impact

The commonalities in the current research and topics of
greatest interest demonstrate that numerous opportunities
for international co-operation exist and could be extremely
beneficial to the research community and in terms of socio-
economic development and human and environmental
health protection. Appropriate testing, monitoring and evalu-
ation systems, benefit cost assessments, CECs, and the
anthropology of social acceptance for DPR and IPR are uni-
versal, and as such present a unique opportunity for progress
on a truly global level. All three of the countries considered
in this paper have reported an innovation gap in the water
sector, specifically relating to the scale-up and implementa-
tion of newly developed water treatment technologies and
processes. The gap exists between laboratory scale research
and small scale piloting of technologies,† and the end point
of full scale operation, whereby new technologies are adopted
by the market. This creates a situation where, at times, the
sector is forced to import market ready solutions from other
sectors, such as oil and gas, because of this innovation gap
in our own sector. As such, the issue of water technology and
process scale-up, implementation, and commercialisation
was identified as a key area of challenge.

This challenge is expressed in a diversity of ways in inter-
national innovation literature. The public literature tends to
focus on the issues of commercialisation gaps and chal-
lenges. In 2002 Rice et al. studied the challenges of trans-
itioning discontinuous (as opposed to incremental) innova-
tion projects to commercialisation and suggested several
propositions for bridging the innovation gap.47 They reported
that “a substantial ‘readiness gap’ exists between the [R&D]
project teams and the receiving business units and that
bridging this gap was more difficult than anticipated”. They
This journal is © The Royal Society of Chemistry 2015

† Technologies here are broadly defined as software, firmware, documented
methodology or process, documentation or other material including,
specifications, business rules or requirements, user manuals, user guides,
operations manuals, training materials and instructions.
identified seven propositions “for improving the effectiveness
of transition management”, suggesting the potential useful-
ness of the following managerial approaches: conducting a
transition readiness assessment; assembling a transition
team; establishing an oversight board; developing a transi-
tion plan; providing transition funding from corporate
sources; laying the groundwork for a big market; and engag-
ing senior management champions.

Later, Slater and Mohr48 proposed that “in order to suc-
cessfully develop and commercialize innovations, not only
does the firm need to conceptualize and develop the innova-
tion in the first place; it must also be successful in reaching
more than just a niche market of innovators–early adopters.
In other words, it must overcome the innovator's dilemma as
well as cross the chasm. These two problems are faced by all
firms—but especially those operating in high-technology
markets or driven by technological innovations—and are
related in that they both derive from the underlying skill set
the firm brings to its marketing strategy.” Arundel and
Bordoy49 concurred that “It is a common perception that
European public-funded research fails to commercialize their
discoveries, in contrast to the perceived success of their
American counterparts. This resulted in policies aimed at
improving the commercialization of European publicly-
funded research, including the establishment of Technology
Transfer Offices (TTOs)”.

All of these previous workers demonstrated that the issue
of innovation gaps which exist in subtly different ways in dif-
fering contexts, are real in many parts of the world. The cur-
rent mismatch between the end of the road for ‘pure’
research, and the first step on the path of full scale industrial
development poses challenges to policy implementation, par-
ticularly where environmental authorisations are concerned,
and consequently temporary relaxation of effluent discharge
standards or the implementation of percentile compliance is
one of the many possible positive actions that can be taken
to provide enabling regulatory environments to de-risk full
scale experimental work. In the current context, what will the
role of research, and consequently technical journals, be?
One possible answer is to increase peer reviewed publication
of full scale science and engineering that can be used to
exemplify good science, performed at scale, in an
uncontrolled environment. Another, arguably more produc-
tive answer is to increase the mobility of staff and students
between the academic and industrial research communities,
so that scientific rigour and applicability of research are both
promoted and maintained. Research information is of great
importance for practitioners in the field of water treatment
and water management (consultants, operators, regulators,
administration experts, researchers and developers) and
should encourage innovation. In this context “innovation” is
a successful full scale application of a new development from
an idea to full scale.

Research opportunities therefore exist outside the water
sector, too: extending smart solutions and new approaches
and increasing awareness and education (water cycle, water
Environ. Sci.: Water Res. Technol., 2015, 1, 563–580 | 577
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use hierarchy, resource efficiency/recovery and water reuse),
e.g. through multi-industry fora, and cross-sectoral sharing,
even outside the water space, may assist in the transfer of
new knowledge and technology from research into practice.

The matter of changing monitoring and evaluation prac-
tices and as a corollary, evidence-based regulation, presents
an opportunity for international collaboration, as well as col-
laborative work by academic researchers and water services
providers in driving conservative but pragmatic regulatory
measures. The engagement of the research community with
the water treatment and supply industry remains the key
aspect which is often missing from national programmes:
practitioner feedback is essential in designing practicable
monitoring systems, and academic input is necessary to
inform the sector of cutting edge measurement and monitor-
ing methods without the influence of commercial drivers.
Universities, R&D organisations and research councils can
play an important role in honest brokerage, especially when
it comes to the independent evaluation of equipment, instru-
ments or guidance.

Community engagement, industry guidance and regula-
tory development for potable recycling will increasingly
demand closer co-operation between the water utility, indus-
try, research and regulatory sectors in each country. With
potable reuse being relatively novel in all three countries, the
development of evidence-based, practical approaches to
realising the economic, technical and social opportunities of
potable reuse, also presents an opportunity for international
collaboration. National organisations such as the Water
Research Commission, Australian Water Recycling Centre of
Excellence and WateReuse Research Foundation have a
responsibility to play an independent facilitation role within
their own countries, but the water sector should have an
expectation that they are brokering more effective outcomes
internationally as well. This paper and the collective discus-
sions that preceded it have helped identify areas where the
three organizations are now focusing their discussions on
collaborative opportunities.
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