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Abstract
Agenda 21, the plan of action resultant from the “Earth Summit” (Rio Conference on
Environment and Development) requested UN states to implement new and
alternative water supply sources, including water recycling. Despite the obvious
benefits on sustainability and ecological preservation resulting from water recycling,
the paradigm in design and construction of water supply systems has not changed.
Considering that decision‐making related to water supply infrastructures is mostly
driven by financial criteria, clarification is needed about the implications of using
reclaimed water for the construction and operating costs. Urban water recycling
implies the construction of a dual water supply system with two distribution networks
– one for primary uses and the other for secondary uses. We investigate the cost
implications of reclaiming water to meet the secondary water demand. We
contemplate two alternative municipal management models: integrated, and with
water purchase. We propose a framework for estimating construction and operation
costs of conventional and dual municipal supply systems, and demonstrate through a
case study that a dual system may be less costly than a conventional system from a
specific number of inhabitants upwards.

Keywords: dual water supply systems; engineering and operating costs; municipal
water management; urban water recycling; sustainable development.
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1. Introduction
One bad presage interconnects today with the concerns about human living
conditions, education, and equity. The possibility that our inertia to change the current
path to development makes us miss the path to sustainability (Poff et al., 2010;
WWAP, 2012; Haines et al., 2012). Like a paradox of an inexorable human journey
towards societies that are irreversibly incompatible with the very ecosystem that is
indispensable to human existence and cohabitation – the paradox of “non‐recyclable”
human societies.
Seawater and freshwater are vital to earth’s health. Safe water and drinking water are
vital to human’s health. To get on a path to sustainable development, besides
preserving freshwater resources (Moroglu and Yazgan, 2008; Mylopoulos and
Kolokytha, 2008), also safe alternative water sources must be achieved (Bakker, 2012;
Gleick, 2003; UNESCO, 2010).
In order to face future water challenges, we need to: (1) control and account true costs
of freshwater captation and wastewater discharge; (2) preserve and monitor water
quality of natural sources (surface and groundwater) and water provided to users; and
(3) use efficiently different water qualities according to different purposes, including
water recycling (Anderson, 2003; Domènech et al., 2013; Grant et al., 2012;
Hermanowicz, 2008; Hochstrat et al., 2008; Ives, 1970; Sala and Serra, 2004).
There is knowledge about pollution and human health risks that supports the benefits
of water recycling (Asano et al., 2007; Chen et al., 2012a; Kalavrouziotis and
Apostolopoulos, 2007; Li et al., 2009; Miller, 2006; Schäfer et al., 2005; Toze, 2006).
Reclaimed water should be regarded as an alternative water source, even where there
is presently no shortage of “cheap” freshwater.
In 1958, the United Nations Economic and Social Council proclaimed the use of low
quality water for purposes that can tolerate a lower grade in case of scarcity (Okun,
1996). Agenda 21(UN, 1992), one of the outcomes of the “Earth Summit” includes
many references to water reuse. Today, the UN reiterate all past commitment sand

2

recognize the necessity of “promoting water efficiency, wastewater treatment and the
use of wastewater as a resource, particularly in expanding urban areas.” (UN, 2012).
There is a wealth of knowledge from various nations and regions on water recycling.
Africa (Lahnsteiner and Lempert, 2007), Brazil (Ghisi and Oliveira, 2007), China (Chang
and Ma, 2012; Tang et al., 2006; Yi et al., 2011), European and Mediterranean
countries (Angelakis and Bontoux, 2001; Bixioet al., 2006; EEA, 2012), Germany (Nolde,
2005), Japan (Asano et al., 1996), Middle East (Friedler et al., 2006; Mourad et al.,
2011), Portugal (APE, 2012; Coutinho, 2009; Levy, 2008; MAOTDR, 2007; Monte and
Albuquerque, 2010; Paiva, 2008), and UK (Hills et al., 2002; Memon et al., 2005) are
some examples. Specific countries are especially active at the forefront of water
recycling. The concept of dual systems to separate high quality and low quality water
supply is known in USA for a long time. The first dual system was installed in Grand
Canyon Village in 1926, and the oldest standards for water reuse were developed in
California, in 1978 (Okun, 1996; Trussell et al., 2012). The US Environmental Protection
Agency provides updated documentation about water reuse (EPA, 2012).
Australia is a precursor nation that accumulates a vast experience, strongly motivated
by water scarcity (Anderson, 2006; DHGWA, 2011; Lake and Bond, 2007; Mainali et al.,
2013; Radcliffe, 2006; Simpson and Stratton, 2011; Willis et al., 2011; WSAA, 2004). In
this country, where community acceptance of recycling is high for toilet flushing and
gardening, experience shows that use of reclaimed water for toilet flushing and lawn
gardening could achieve water savings from 30% to 50% of total household water
usage (Muthukumaran et al., 2011). In fact, reclaimed water for toilet flushing, garden
watering and car washing is considered as “business as usual” in some research where
reclaimed water for household laundry is investigated (Mainali et al., 2013). In Israel, a
high proportion of participants in a study revealed concern with “water saving”,
“minimization of importing water from abroad’’, “infrastructure cost saving”, and
‘‘environmental improvement”, and supported medium contact reuse options, such as
sidewalk landscaping (95%), domestic WC flushing (85%) and fire fighting (96%)
(Friedler et al., 2006).
Public willingness to use reclaimed water depends on public perception (Haddad et al.,
2009; Hartley, 2006). Perception and acceptance is critical for the success of municipal
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water reclamation projects (Chang and Ma, 2012; Hurlimann et al., 2008; Kandiah et
al., 2013; Poet al., 2003). Hurlimann et al.(2008) concluded that reclaimed water
retailers, reclaimed water authorities and policy makers should be aware that
communities’ satisfaction with water recycling depends on increasing trust, perception
of fairness, and positive quality perceptions, and on decreasing perception of risk.
Available economic assessments confirm the potential of water reuse (Heinz et al.,
2011; Hernández et al., 2006; Listowski et al., 2013). The same occurs with
environmental assessments related to wastewater treatment plants (WWTPs) and
water supply plans (Chen et al., 2012b; Corominas et al., 2013; Lundie et al., 2004;
Meneses et al.,2010; Muñoz et al., 2010). Specifically, life cycle assessments (LCAs) for
WWTPs with tertiary treatment (to provide reclaimed water) show that the addition of
tertiary treatment in WWTPs increases the environmental impact considerably less
than the environmental impact of other water production methods (Chen et al.,
2012b; Meneses et al., 2010). Other studies conclude that water recycling has a high
potential of offsetting carbon footprint and recognize this alternative as the most
environmentally friendly (Mo and Zhang, 2012).
OECD corroborates the arguments for water reuse: “From an environmental
perspective, water reuse can reduce demand for freshwater resources, diversify water
sources and enhance reliability of access to resource; it can reduce volume of
wastewater discharged into the environment. Decentralized systems can reduce
energy required to transport water from the point of production to the point of use;
and reduce greenhouse gas emissions (due to energy savings)” (Leflaive, 2009).
Nowadays, decentralization and satellite water systems are already being considered
by a number of national and local authorities (Libralato et al., 2012; Trussell et al.,
2012).
According to the previous paragraphs, the traditional concept of water system is to be
altered, as WWTPs will start to be seen as “water factories” that supply some of the
water for types of use that do not require high quality water (Al‐Jayyousi, 2003;
Kalavrouziotis and Apostolopoulos, 2007; Rygaard et al., 2011). We should foresee a
future where the utilisation of reclaimed water will become generalised.
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Dual water supply systems provide higher and lower quality water separately (Grigg et
al., 2013; Tang et al., 2007; Trussell et al., 2012; WSAA, 2004). Many dual systems are
operating (Okun, 2000, 1996).Since most of the water supplied to residences is used
for activities other than human ingestion or direct contact, dual systems should be
increasingly adopted in urban water scenarios (Grayman et al., 2012; Rygaard et al.,
2011). In the scope of this paper, a dual system is a municipal water distribution
system that provides drinking water and reclaimed water for urban purposes (
Figure 1 – Water recycling for domestic secondary uses.
). It comprises the construction of two distribution networks – one for primary uses
and the other for secondary uses. The reclaimed water corresponds to treated grey
water; therefore, the WWTP must be equipped with tertiary treatment processes
adequate for the planned secondary uses.

Figure 1 – Water recycling for domestic secondary uses.

According to Almeida et al. (2006), 75% of non‐lost urban water supplied in Portugal is
consumed in domestic uses. The remaining percentage, excluding the industrial
component, corresponds to public (10%) and commercial uses (15%). In the same
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study, the analysis of how domestic consumptions are distributed showed that 28% of
Portuguese domestic water is used for toilet flushes and 10% for outside watering. In
other words, 38% of domestic water uses do not require drinking water. Additionally,
some of the uses in commercial and public categories also do not require high quality
water, such as street cleaning or public gardens watering. As an underestimating value,
we will assume in this work that one third of the urban water demand is associated
with secondary uses, which consequently may be supplied by low quality water.
In Portugal, there are two prevalent management models. The first corresponds to the
existence of a unique management entity, which is responsible for the whole process –
from captation of freshwater to discharge of effluents. In the second model, the entity
that distributes the water to clients and treats the wastewater, acquires the
freshwater from a supplier, to whom it pays a tariff
Portugal is 0.55

. The average value of

in

(ERSAR, 2012).

A frequent argument against reclaimed water concerns the costs of required
infrastructures (Hochstrat et al., 2008), which correspond to a second water
distribution network in the urban context plus the extension of the wastewater
treatment processes, pumping, storing and pipe systems (Levy, 2008; Paiva, 2008).
However, the idea that recycling water and, consequently, that a dual system is more
expensive than a conventional system needs to be analysed because the reduction in
the cost of acquisition, or captation, and treatment of freshwater to supply secondary
demand may offset the cost of the second network.
Financing and managing are critical issues in the development of municipal water
reclamation projects (Schäfer et al., 2005). Leflaive (2009) considers that alternative
systems may be cost effective, even in cases where central infrastructure is already in
place, and states that investment and operating costs constitute an important issue
when discussion alternative systems. Moreover, Leflaive asserts that a combination of
centrally provided and alternative water systems might be the most practical approach
to fit all the different functions of urban water services; and asks for further
development on technical, regulatory, economic and financial aspects for
incorporating alternative water systems.
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Our goal is to propose a basis to estimate construction and operation costs of dual and
conventional systems for both management models. Within this framework, we want
to be able to compare costs between conventional and dual systems. Concerning the
organization of the rest of this text, section 2 contains our characterizations of
conventional water supply system and dual water supply system. In section 3, we
formulate the framework for the cost assessment within both management models. In
section 4, we use this framework to assess conventional and dual systems’ costs for a
realistic implementation scenario; and we discuss the costs’ comparison. Section 5
includes the conclusions and final remarks.

2. Water Supply Systems
Figure 1 and
Figure 2depict the configuration of a conventional water system and of a dual water
system, respectively. It is included in both the freshwater captation. However, the
element related to captation is not mandatory because freshwater may be purchased.
A conventional system is typically composed by (Figure 1): water treatment plant
(WTP), captation element, two reservoirs, pipe system (represented by a dashed line),
pumping station, and distribution network.

Figure 1 – Conventional water supply system.
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A dual system typically includes all the elements that are present in a conventional
system, which provide the primary water demand. Additionally, it includes five more
elements that provide the secondary water demand (
Figure 2): reservoir, pipe system (represented by a dashed line), pumping station,

distribution network and tertiary treatment element inside the water treatment plant
(WWTP).

Figure 2 – Dual water supply system.

Each row in

Element type

Water treatment plant (WTP)

Construction cost
(€ inhab‐1)

Annual operating cost

Amortisation period
(years)

(%)
10

20

Captation system

9

20

Reservoir

4

20

Pipe system

4

40

Pumping station

9

10

Distribution network

5

40

10

20

Tertiary treatment
component
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Table 1 corresponds to a distinct type of infrastructural element that is present in

water supply systems. The element type of the last row – tertiary treatment (TT) – is
the only that is present exclusively in dual systems. We separate the TT from its
container element type – the wastewater treatment plant (WWTP) – because the cost
of WWTP without TT is equivalent in both types of system and, consequently, WWTP is
omitted in
Construction cost

Element type

Annual operating cost

Amortisation period

‐1

(€ inhab )

(years)

(%)

Water treatment plant (WTP)

10

20

Captation system

9

20

Reservoir

4

20

Pipe system

4

40

Pumping station

9

10

Distribution network

5

40

10

20

Tertiary treatment
component

Table 1.

Each element type has a per capita construction cost (or initial investment)
depends on the size of the population (or number of inhabitants)
Levy, 2008; Paiva, 2008). The

, which

(Lencastre, 1995;

of some elements depends on a particular quantitative

parameter, such as a pipe length , or a pumping height (or depth) . The expressions
for calculating

are present in the second column of

Element type

Construction cost

Annual operating cost

Amortisation period

‐1

(€ inhab )

(years)

(%)

Water treatment plant (WTP)

10

20

Captation system

9

20

Reservoir

4

20

Pipe system

4

40

Pumping station

9

10

Distribution network

5

40

10

20

Tertiary treatment
component

Table 1. We may see from the expressions that the value of

population

decreases when the

increases.
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The third column of

Element type

Construction cost

Annual operating cost

Amortisation period

‐1

(€ inhab )

(years)

(%)

Water treatment plant (WTP)

10

20

Captation system

9

20

Reservoir

4

20

Pipe system

4

40

Pumping station

9

10

Distribution network

5

40

10

20

Tertiary treatment
component

Table 1 contains the annual operating cost

of each element type, which is

presented in the form of a percentage of . The fourth column contains the number of
years in the amortization period

Element type

of each element type.

Construction cost
(€ inhab‐1)

Annual operating cost

Amortisation period
(years)

(%)

Water treatment plant (WTP)

10

20

Captation system

9

20

Reservoir

4

20

Pipe system

4

40

Pumping station

9

10

Distribution network

5

40

10

20

Tertiary treatment
component

Table 1 – Costs per element type.

In the case of a dual system, we have to confirm that the available reclaimed water is
sufficient to fulfil the secondary water needs. To answer that, we have to compare the
final WWTP effluent

with the secondary consumption demand , such that

.

is calculated according to (1), taking into account the affluence coefficient to the
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sewage network

and the consumption of water by the WWTP itself . is calculated

according to (2).
(1)
(2)

where
= Final WWTP effluent, Ldays‐1;
= Number of inhabitants
= Individual water consumption, L inhab‐1days‐1;
= Affluence coefficient to the network (

[0, 1]);

= Percentage of use of the affluent in the WWTP (
= Secondary consumption share (
Substituting

with (1) and

[0, 1]);

[0, 1]).

with (2) in

, and eliminating

from both sides of

the resulting inequality, we get the constraint in (3).
(3)

We know that the affluence coefficient

varies between 0.6 and 0.8, and that the

value of water consumed in the WWTP

does not exceed 20% of the affluent flow.

Considering the most unfavourable scenario, where

and

, we use (3) to

conclude that there will be sufficient supply if

. This is true because we

assume that the secondary consumption share

corresponds to one third of total

demand. Based on this assumption, we conclude that the reclaimed water provided by
the WWTP is sufficient to supply the secondary demand.

3. Cost Assessment Method
We detail here two economic models: (1) model that includes the captation of water
(integrated model), where the management entity is responsible for the whole supply
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process, and (2) model with water purchase, where the management entity acquires
the water and pays the correspondent tariff. Comparing between the two, on one
hand, since a system in the second model has less elements, it will have a lower
construction cost than an equivalent system in the first model; on the other hand, it
will have an adding cost corresponding to primary water buying, which does not exist
in the first model.
Investments in infrastructures are typically financed with external funds that are
amortised annually during an amortization period. In fact, this will also be valid for the
next model, however considering then a smaller set of elements. Therefore, for each
element, we start with the interest rate

and the amortization period

and we calculate the annual amortisation factor

of the loan,

using (4).

(4)

The multiplication of the annual amortisation factor by the construction cost gives
the annual construction cost of an element, i.e., the annual cost of the amortization of
the investment. Since we consider in

Element type

Construction cost

Annual operating cost

(€ inhab‐1)

Amortisation period
(years)

(%)

Water treatment plant (WTP)

10

20

Captation system

9

20

Reservoir

4

20

Pipe system

4

40

Pumping station

9

10

Distribution network

5

40

10

20

Tertiary treatment
component

Table 1 the annual operating cost

as a percentage of the construction cost

actual value is obtained through the multiplication of

, the

by .
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3.1.

Integrated Model

In the integrated model, the management entity is responsible for the whole water
supply process, from captation of water until discharge of effluents into the receiving
environment. Therefore, the annual cost of a system corresponds to the sum of the
annual construction costs of its elements with the annual operating costs of its
elements, according to (5).
(5)

where
= Annual cost, € years‐1;
= Amortisation factor, %;
= Initial investment, €;
= Annual operating cost, %;
= Element index.

In fact, we will calculate the annual cost using (5) only when we consider a
conventional system. In the case of a dual system, we formulate its annual cost
according to (6), where we separate two parcels that are, per si, calculated using (5).
corresponds to the cost of elements for the primary supply and

corresponds to

the cost of elements for the secondary supply. This separation allows us to use
different populations for calculating

and

, according to the respective

consumption shares.
(6)

3.2.

Water Purchasing Model

The model that includes purchasing water reflects the situation where the
management entity purchases water from a water seller entity. This water supplier is
13

responsible for water captation, treatment, and channelling into the tanks/reservoirs
of the first management entity, typically a municipality, which then distributes it to the
population.
The management entity pays an amount calculated as a tariff

to the seller entity.

The question that should arise with this model is whether it is financially advantageous
for the management entity to have a dual system in order to acquire less water. Will
the reduction in the cost of acquiring freshwater in a dual system offset the cost of the
secondary system? We will analyse that in sections 4.3 and 5.
To calculate the annual cost of a conventional system within this model, we have just
to introduce in (5) a new parcel related to the tariff

. As shown in (7), we multiply

by the number of days in a year and the daily consumption of primary water
calculated, as shown in (8), using the population
inhabitant

.

is

and the daily consumption per

. Because there is no water captation involved in this model, the number

of elements is reduced when compared to the integrated model.
(7)

(8)

where
= Annual cost, € years‐1;
= Amortisation factor, %;
= Initial investment, €;
= Annual operating cost, %;
= Primary water acquisition tariff, € m‐3;
= Water consumption, m3days‐1;
= Individual water consumption, L inhab‐1days‐1;
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= Number of inhabitants;
= Element index.

Finally, we use (6) to calculate the annual cost of a dual system with purchase of water,
however using (7) to calculate the first parcel, i.e., the primary supply cost. We use (9)
to clarify this consideration about the reuse of (6), denoting the cost related to primary
supply by
by

, which is calculated using (7), and the cost related to secondary supply

, which is calculated using (5).
(9)

4. Costs Assessment and Comparison
In the scope of each of the two management models that we presented in sections 3.1
and 3.2, we first evaluate the cost of a conventional system and of a dual system.
Afterwards, we analyse the difference between these costs for different population’s
sizes. For these calculi, we assume that the interest rate
the water consumed daily by person each day

4.1.

for any loan is 5%, and that

is 200 litres.

Integrated Model

Starting with the assessment of a conventional system with primary water captation,
we present in Table 2 its elements and the respective dimensioning values. We set the
following values: captation depth for the captation element, length of pipe for the pipe
system, and pumping height for the pumping station.
Element
Water Treatment Plant (WTP)
Captation Element

Dimensioning value (m)
‐
170

Reservoir 1

‐

Reservoir 2

‐

Pipe System
Pumping Station

7 000
60
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Distribution Network

‐

Table 2 – Dimensioned elements for a conventional system with water captation.

After applying the formula (5), Table 3 shows in the last column the resulting annual
costs of a conventional system with water captation for a population value ranging
from 5000 to 300000.
Average daily flow
(m3)

Annual
amortization cost
(€)

Annual operation
cost (€)

5 000

1 000

153 652

136 834

290 486

10 000

2 000

260 962

232 378

493 340

20 000

4 000

448 301

398 126

846 428

30 000

6 000

618 395

547 654

1 166 049

40 000

8 000

778 675

687 864

1 466 538

50 000

10 000

932 261

821 680

1 753 941

100 000

20 000

1 641 898

1 434 636

3 076 534

150 000

30 000

2 296 873

1 994 521

4 291 393

200 000

40 000

2 920 377

2 523 599

5 443 976

250 000

50 000

3 522 258

3 031 398

6 553 656

300 000

60 000

4 107 897

3 523 152

7 631 049

Population

Total annual cost
(€)

Table 3 – Annual costs per population of a conventional system with water captation.

Moving next to the assessment of a dual system, we present in Table 4 the system’s
elements and the respective dimensioning values. We now set the following values:
captation depth for the captation element, length of pipe for the two pipe systems,
and pumping heights for the two pumping stations.
Primary supply
Element
Water Treatment Plant

Secondary supply
Dimensioning

Element

value (m)
‐

Reservoir

Dimensioning
value (m)
‐

(WTP)
Captation Element

170

Pipe System 2

5 000

Reservoir 1

‐

Pumping Station 2

Reservoir 2

‐

Distribution Network 2

‐

Tertiary treatment

‐

Pipe System 1

7 000

30
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Pumping Station 1

60

Distribution Network 1

‐

Table 4 – Dimensioned elements for a dual system with water captation.

After using (6), considering 70% share for primary uses and 30% share for secondary
uses, Table 5 contains in the last column the annual cost for the considered dual
system in a water captation scenario. The different rows correspond to different
population ranging from 5000 to 300000.

Population

Average

Average

Annual

Annual

Total

primary daily

secondary daily

amortization cost

operation cost

annual

(€)

(€)

cost (€)

3

flow (m )

3

flow (m )

5 000

700

300

167 026

149 651

316 677

10 000

1 400

600

277 587

248 367

525 954

20 000

2 800

1 200

466 565

415 896

882 461

30 000

4 200

1 800

635 487

564 601

1 200 088

40 000

5 600

2 400

793 117

702 633

1 495 749

50 000

7 000

3 000

943 100

833 408

1 776 508

100 000

14 000

6 000

1 627 078

1 424 344

3 051 422

150 000

21 000

9 000

2 249 908

1 956 558

4 206 466

200 000

28 000

12 000

2 837 936

2 455 149

5 293 084

250 000

35 000

15 000

3 402 236

2 930 726

6 332 962

300 000

42 000

18 000

3 948 818

3 389 071

7 337 889
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Table 5 – Annual cost per population of a dual system with water captation.

The graph in
Figure 3 shows in the ordinate the relative difference of total annual cost between
conventional and dual, given by

, according

to the population in the abscissa. This difference is positive from near 76000 upwards,
i.e., the dual system becomes financially advantageous above 76000 inhabitants.

Figure 3 – Relative cost difference between conventional and dual system with water
captation.
4.2.

Water Purchasing Model
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We now consider a system where the freshwater is purchased with a tariff

of 0.55(€

m‐3). Considering a conventional system, this will have two elements: reservoir and
distribution network. We calculate the annual cost of this system using (8). The last
column of Table 6 presents the annual cost..

Population

Annual amortization

Annual operation

cost (€)

cost (€)

Total annual cost

Purchase cost (€)

(€)

5 000

50 507

38 999

200 750

290 256

10 000

89 173

67 875

401 500

558 549

20 000

124 645

94 024

602 250

820 919

30 000

158 251

118 581

803 000

1 079 833

40 000

221 904

164 660

1 204 500

1 591 064

50 000

340 678

249 544

2 007 500

2 597 721

100 000

612 653

440 499

4 015 000

5 068 152

150 000

866 049

615 647

6 022 500

7 504 196

200 000

1 108 586

781 564

8 030 000

9 920 149

250 000

1 343 597

941 088

10 037 500

12 322 185

300 000

1 572 923

1 095 786

12 045 000

14 713 709

Table 6 – Annual costs per population of a conventional system with water purchase.

Table 7 contains the composing elements and the respective dimensioning values if we
consider a dual system. We set the length of pipe for the pipe system and the pumping
height for the pumping station.
Primary supply
Element

Secondary supply

Dimensioning

Element

value (m)

Reservoir 1

‐

Reservoir 2

Distribution Network 1

‐

Pipe System

Dimensioning value
(m)

Pumping Station

‐
5 000
30

Distribution Network 2

‐

Tertiary treatment

‐

Table 7 – Dimensioned elements for a dual system with primary water purchase.
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Finally, we use (9) to determine the cost of a dual system, considering a 70% (30%)
share for primary (secondary) consumption.

Population

Annual amortization

Annual operation

cost (€)

cost (€)

Purchase cost (€)

Total annual cost
(€)

5 000

87 268

74 450

140 525

302 243

10 000

145 686

122 632

281 050

549 368

20 000

197 433

164 722

421 575

783 730

30 000

245 416

203 378

562 100

1 010 894

40 000

334 391

274 313

843 150

1 451 854

50 000

496 049

401 334

1 405 250

2 302 633

100 000

854 212

677 037

2 810 500

4 341 749

150 000

1 179 267

922 660

4 215 750

6 317 677

200 000

1 485 482

1 151 192

5 621 000

8 257 675

250 000

1 778 861

1 368 097

7 026 250

10 173 208

300 000

2 062 665

1 576 335

8 431 500

12 070 501

Table 8 contains in the last column the resulting annual cost, where the rows

correspond to different population ranging from 5000 to 300000.

Population

Annual amortization

Annual operation

cost (€)

cost (€)

Purchase cost (€)

Total annual cost
(€)

5 000

87 268

74 450

140 525

302 243

10 000

145 686

122 632

281 050

549 368

20 000

197 433

164 722

421 575

783 730

30 000

245 416

203 378

562 100

1 010 894

40 000

334 391

274 313

843 150

1 451 854

50 000

496 049

401 334

1 405 250

2 302 633

100 000

854 212

677 037

2 810 500

4 341 749

150 000

1 179 267

922 660

4 215 750

6 317 677

200 000

1 485 482

1 151 192

5 621 000

8 257 675

250 000

1 778 861

1 368 097

7 026 250

10 173 208

300 000

2 062 665

1 576 335

8 431 500

12 070 501

Table 8 – Annual cost per population of a dual system with primary water purchase.

As the graph in
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Figure 3 showed for the previous situation with water captation, the graph in Figure 4
shows the relative difference between total annual cost off conventional system and
dual system when the water is purchased. This value is positive from near 8000
inhabitants upwards, i.e., the dual system becomes financially advantageous starting
from that threshold.

Figure 4 – Relative cost difference between conventional and dual system with water
purchase.

4.3.

Discussion

Considering the graphs in
Figure 3 and Figure 4, we conclude that, within the scope of the created
implementation scenario, a dual system becomes cheaper than a conventional system
when the population exceeds a certain threshold. As far as our realistic scenario may
represent, we obtain evidences that dual systems are financially competitive. Besides
the cost reduction, a dual system is eco‐friendlier. Considering a population with
100000 inhabitants, the 30% of water saving represents 6000 m3 of freshwater not
removed from the natural environment. This saving will be of utmost importance
when there is water scarcity or water captation difficulties.
The graph in Figure 5 allows us to confirm, in a purchasing water scenario, when the
dual system starts to compensate financially over the conventional system for
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different tariffs and populations. The threshold line contains the points where the
elimination of the cost relative to water acquisition for secondary uses (in the dual
system) offsets the cost of the secondary infrastructure, i.e., above the line, a dual
system will be financially advantageous over a conventional system.

Figure 5 ‐ Cost reduction threshold between conventional and dual system.

5. Conclusion
There are obvious benefits related to the preservation (in quantity and quality) of
freshwater resources resulting from water recycling. Recycling is an adequate option
to put into practice the UN recommendation to implement new alternative water
supply sources. We considered here a dual system as a water supply system that
provides two distribution networks, one for drinking water and the other for safe
reclaimed water. The widespread implementation of dual systems in urban context will
have a very positive impact on the environment because consumption of water from
traditional sources will be reduced by around one‐third.
The construction of two distribution networks and the extension of the WWTP with a
tertiary treatment entail additional construction and operating costs. With the purpose
of elucidating about the financial viability of dual systems, we formulated a cost
assessment framework. Using this framework, we were able to confirm the financial
potential of dual systems over conventional systems. Two management models were
22

taken into consideration: one where the management entity is responsible for water
captation and another where it acquires the water from a supplier.
We concluded that, when water is purchased at the considered tariff, cost reduction
due to implementing a dual system starts from a population of approximately 8000
upwards. With water captation, this population threshold is approximately 80000
inhabitants. Moreover, the maximum potential gain, represented as a percentage of
the cost of a conventional system, is approximately 18%, with water captation, and
approximately 4% if water is purchased at the considered tariff.
As a final note, it should be pointed out that in order to implement a dual system it will
be necessary, not only to take into account the construction of a second municipal
distribution network, but also to lead the companies that promote real estate, tourism,
and industrial ventures to build secondary networks within buildings. Without them,
the municipal secondary consumption will be below the expected 30%. To achieve this,
the tariff for secondary water has to be fixed at an alluring price (Molinos‐Senante et
al., 2013), well below the tariff for primary water.
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