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a b s t r a c t

The water industry is moving from an end-of-pipe approach consistent with the linear economic model
to a circular approach consistent with the circular economy model. The economic dimension of waste-
water circularity has not received the attention that other dimensions have; this study attempts to fill
this research gap by studying the economic dimension, in order to estimate the net opportunity cost of a
non-circular water industry The financial and environmental benefits of treating wastewater, along with
the associated operating and capital costs, are calculated to arrive at the opportunity cost and the ‘closing
the loop charge’. The analytical results reveal an estimated net opportunity cost of 643 million Jordanian
dinar (JOD) (907 million US$) if the option not to go circular is chosen, with JOD 212 million (US$ 299
million) of this amount currently squandered. Furthermore, this indicates an average ‘closing the loop
charge’ of JOD0.70/m3 ($1.0/m3), which represents the average shadow price of the associated envi-
ronmental externalities. Having thus shown a strong economic case for the circular model in the water
industry, movements in all economic sectors to adhere to this model appear to be highly desirable.

© 2016 Elsevier Ltd. All rights reserved.
1. Introduction

Depletion of the earth's resources has pushed governments to
run resource-efficient economies, where resource productivity is
enhanced and the environment is better protected (European
Commission, 2014a). Along these lines, many European govern-
ments (SITA UK, n.d.) and China (Li and Ma, 2015) have been
adopting policies that aim to achieve resource-efficient economies.
The assumptions of infinite resources and the cheap disposal of
waste that underlie the current economic linear model have
become indefensible in the face of increasing global demand (COM,
2014). The ‘circular economy’ is an alternative model that relies on
increasing resource efficiency and decoupling economic growth
from resource use (COM, 2014). Indeed, the circular economy is a
development strategy that is based on restorative thinking, which
aims to maximize resource efficiency and minimize waste
at Virginia Tech University,

unmi@ju.edu.jo (D. Abu-
production within the framework of economic and social sustain-
ability (Hislop and Hill, 2011). The building blocks of a circular
economy are product design, new business models, reverse-cycle
networks, and conducive conditions (WEF, 2014). In a circular
economy mode, companies are involved not only in designing and
producing the product but also in its use and disposal (Accenture,
2014). Also product design should be rethought in order to in-
crease product recyclability and hence its compatibility with a
circular model (The U.S. Chamber of Commerce Foundation, 2015).
Furthermore, adopting business models that are built on, for
example, longevity, capacity sharing, renewability, and demateri-
alization, enable achieving a circular economy that decouples
growth from resource use (Accenture, 2014).

To stimulate the taking of the circular economy approach, water,
phosphorous, and various metals have been identified, among
others, as critical input resources to the world economy that have
been under pressure because of the current linear economy and
hence circular uses of these resources should be promoted (Hislop
and Hill, 2011). In addition, the private sector has been called upon
to play a major role in achieving this circularity (Ellen MacArthur
Foundation, 2013). Private business partners can be attracted
through innovative funding mechanisms such as crowdfunding
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(Innovfin Advisory and European Investment Bank Advisory
Services, 2015) and Public-Private Partnership (United States
Government Accountability Office, 2010). Interestingly, the water
industry has been revolutionary in its movement towards the cir-
cular economy model. In fact, water pollution and shortage prob-
lems naturally push this sector toward restorative and regenerative
thinking, both of which are at the core of the circular economy.
What's more, water is considered essential to the circular economy,
and water communities need to work on ‘closing the loop’ for
water, given its importance not only with respect to human life but
also because of the energy and materials it contains (Veolia, 2014).

The application of restorative thinking to the water industry
demands that the ‘end-of-pipe’ approach of the traditional linear
economic model be replaced with the ‘circular’ approach of the
circular economy model. In such thinking, wastewater is viewed
not as waste but rather as a valuable non-conventional resource
(Lettinga et al., 2001; Werner et al., 2003) that should be circulated
to sustain scarce life-essential resources. In fact, wastewater is a
valuable non-conventional resource not only for water, but also for
nitrogen, phosphorous and organic matter, where the latter is
measured by the chemical oxygen demand (COD). The benefits of
circulating wastewater components are both economic and envi-
ronmental; e.g. to avoid the eutrophication problem. Other non-
conventional sources of water that could also be used to achieve
a sustainable water industry (Hamdy and Ragab, 2003) include
water harvesting and seawater desalination (Jaber and Mohsen,
2001). The use of regenerative thinking thus leads to new
models in the water industrydincluding the decentralized sani-
tation and reuse (DeSaR) model and the ecological sanitation
(EcoSan) model (Otterpohl et al., 1999; Zeeman and Lettinga,
1999)dthat look to frame the process of wastewater circulation.
These models recognize wastewater as a resource that is an inte-
gral part of a system containing very interrelated dimensions,
including technical, social, institutional, economic, and environ-
mental ones (Abu-Ghunmi, 2009). While technical and environ-
mental dimensions have been studied extensively at both the
research and practical levels, related social, institutional, and
economic dimensions have not drawn such attention. However,
the European Commission (2008) has stressed that financial and
economic analyses are essential to assessing the financial sus-
tainability of water projects. In the process of moving water in-
dustry toward a circular economy, the social and intuitional
aspects are essential players for the successfulness of this move-
ment. In fact, a circular water industry could, like other sectors in
the economy, be successfully implemented only in a social and
institutional context that promotes innovations and pushing to-
ward the required regulations and standards (Heshmati, 2015).
Therefore, assessing the level of circularity, through looking at the
economic and environmental losses to society as a result of not
going circular, is followed by analysing institutional setups and
social barriers (Ellen MacArthur Foundation, 2015). The circular
economy (i.e. ‘closed loop’ economy) can serve the water industry
even more, by addressing an overlooked dimension that can help
achieve circularitydnamely, water pricing policy (Hislop and Hill,
2011; Greyson, 2007). The water market price or value should
reflect not only internal costs, but also external costs (external-
ities), including those of an economic, social, or environmental
nature (Hislop and Hill, 2011; Greyson, 2007). Circular economy
instruments, according to Hislop and Hill (2011), promote resource
efficiency and the reuse and recycling of products, and so their use
would move the water sector to becomemore circular. A suggested
economic instrument is ‘pre-cycling insurance’; this has been
developed based on the concept within the European WEEE
directive of ‘cycling insurance’, where the price of the insurance is
added to the purchase price of the product (Greyson, 2007).
In this context, a number of governments, including the Jorda-
nian government, have realized the importance of wastewater as a
non-conventional resource (Lienhoop et al., 2014). Treating
wastewater is about recycling used water and its components, in
order to ‘close the loop’ and therefore ameliorate the water supply
shortages that many government face. In fact, treatedwastewater is
an inevitable component of Jordan's water budget, and it is
currently used for irrigation (MWI, 2013a). Similarly, according to
Haruvy (1998), by 2040 it will be a key component of the total
irrigationwater used in Israel and Palestine; this is further evidence
of how the water industry has been moving toward a circular
economy.

Furthermore, what makes a strong economic case for adopting
the circular economy model in the water industry is the fact that
there are associated environmental benefits that can be monetized
and measured by using various approaches, including the contin-
gent valuation method (Lienhoop et al., 2014) and shadow price
(Hern�andez-Sancho et al., 2010; Molinos-Senante et al., 2010,
2012). These environmental benefits include the avoidance, by
virtue of undertaking the treatment process, of costs associated
with restoring the environment, such as from the eutrophication
impact. However, these are not the only benefits associated with
wastewater. Choosing not to go circular also results in the loss of
other benefits that would otherwise have stemmed from treating
the wastewater and recovering its valuable contents. The other
resources that could be recovered from wastewater include, the
treated wastewater that can be directed to different uses; sludge,
which can be utilized as fertilizers or a source of energy; and biogas,
which can be used for energy production (Hanjra et al., 2015).

Accordingly, this study aims to estimate the net opportunity cost
of not embracing a circular economy in the water industry, as a way
to assess the current level of circularity in this vital sector. Esti-
mating the net loss to society of not treating wastewater and
conducting an effective market valuation of water are important
tasks that should not be overlooked. Therefore, this paper also
proposes a method by which to estimate the market value of water,
as accurate valuation will push the water economy toward a more
circular paradigm. Both objectives require a comprehensive anal-
ysis of the costs and benefits that account for environmental ex-
ternalities and relevant types of costs; capital and operating.
Therefore, the economic analysis “costebenefit analysis (CBA)” is
the approach applied to carry out the economic analysis of waste-
water circularity within the framework of a circular economydand,
in the process, to estimate the net economic losses inherent in not
going circular and to derive an accurate market value for water. For
these purposes, this study takes up the case of the centralized
wastewater treatment industry ‘plants’ that have been operating in
Jordan for more than three decades.

The remainder of this paper is organized as follows. Section (2)
overviews the concept of the circular economy and how it relates to
the water industry, and Section (3) describes the data and the
methodology used herein. Section (4) reports and discusses the
findings of this study. Section (5) discusses the importance of
‘closing the loop’ in the water industry, and finally Section (6)
provides concluding remarks.

2. Circular economy and the water industry

In the face of increasing amounts of waste being produced and
not returned to the economy, Greyson (2007) challenges the
workability of the incremental improvement approach, which
takes the form of waste reduction, and proposes awaste prevention
approach. In his attempt to propose a better approach, Greyson
(2007) resorts to Boulding's (1966) concept of the circular econ-
omy. In a circular economy, the loop is closed and waste becomes a
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resource (COM, 2014). Therefore, the realization of the objectives of
a circular economy makes it necessary to extend the useful life of
products as much as possible (e.g. through reuse and repair) and to
eliminate waste (e.g. through recycling and resource and energy
recovery) (Smol et al., 2015). Therefore, switching to a circular
economy necessitates changes throughout the value chain: it re-
quires changes in product design, the business model, waste
handling, financing methods, consumer behaviour, technologies,
and policies (COM, 2014; Smol et al., 2015). Within policy and
economic contexts, Greyson (2007) recommends constructing new
economic instruments; he further proposes using ‘pre-cycling’, as a
term that refers to the actions required to transform current re-
sources into future resources. Interestingly, the application of a
circular economy to the waste management sector could help
resolve some of the global economy's most challenging issues,
including growth, employment, and the use of green energy (SITA
UK, n.d.).

On the resource front, one of the major resources on which
pressure needs to be relieved is water; fortunately, such relief can
be achieved by applying the principles inherent in a circular
economy (Veolia, 2014). Studies that apply the circular economy
concept to the management of water resources have garnered far
less attention than those that touch on themanagement of the flow
of materials (European Commission, 2014b). Despite the fact that in
the water industry the reuse of wastewater has the benefit of
enhancing abstracted water productivity in agriculture and turning
waste into materials and energydand hence returning them back
to the economy, which would save fresh resources (Veolia, 2014)d
there is indeed a dearth of research in this area. Therefore, the
treatment of wastewater is part of ‘closing the loop’, where waste
becomes a resourcednamely, functionally cycled water and sludge.

There is considerable supporting evidence in the literature. In
Denmark, an industrial symbiosis project has managed to save
ground water by diversifying its water sources, one of which is
wastewater (European Commission, 2014b). In Jordan, 6% of the
water budget pertains to reclaimed wastewater (MWI, 2013a).
Furthermore, in moving the water industry towards greater circu-
larity, there is a ‘snowballing’ effect: ash derived from the incin-
eration of sewage sludge can be used in the construction industry,
for example, in brick, cement, and ceramic production, as well as in
road construction (Smol et al., 2015). Ash is a toxic material that
imposes an environmental problem, however, its use in the con-
struction industry reduces the volume of toxic constituents that
leak into the environment and also reduces the cost of sludge
treatment (Smol et al., 2015). Thus, considerable attention has been
paid to the importance of water in a circular economy, especially by
the European Commission (COM, 2014). In crafting resource-
efficient measures as economies shift to a more circular model,
the Commission has emphasized that in the process of achieving
resource-efficiency targets, there is a need to create and adhere to
measures that address water use and its environmental impact,
among other resources (COM, 2014).

Moving to a circular economy, however, is not an obstacle-free
process; it involves barriers such as (1) resources not being
correctly priced (i.e. the price does not account for both the price of
the resource itself and cost recovery) and hence do not induce
resource efficiency and pollution reduction, and (2) there are no
enough incentives to internalize the externalities inherent in the
policy-making process and in creating effective measures
(European Commission, 2014b). At the same time, countries are
called upon to encourage the private sector to invest in resource
efficiency and encourage the disclosure of environmental infor-
mation, the latter of which allows investors to make informed
decisions regarding the benefits and risks involved (COM, 2014).
Therefore, the economic value of the environmental externalities of
the product (i.e. recycling cost and landfill and carbon emission
costs) should be included in its market price, where the resulting
increase in resource and raw material prices will encourage
movement toward a circular economy (European Commission,
2014b). This problem also applies to the water sector: in England
and Wales, for example, water is priced very cheaply to induce
sustainable use in the long run (European Commission, 2014b). As a
way of achieving resource efficiency and economic growth in
moving toward a circular economy, Europe is calling for more reuse
and recycling (COM, 2014); however, in the absence of supportive
policies and as long as prices do not reflect the true economic costs
of products, barriers to implementing a circular economy will
persist (COM, 2014). In fact, having emphasized the importance of
the investment by the private sector, wastewater treatment sector
needs to adopt a full-cost recovery model that charges, users of the
reclaimed water, a price that covers the full cost incurred in
wastewater treatment (CCME, 2006). This is an important consid-
eration for all economic sectorsdand in particular, thewater sector,
as evidenced by the resource efficiency scoreboard constructed by
the European Union. This scoreboard sets a resource-efficiency
measure that comprises three tiers of indicatorsdnamely, (1) a
lead indicator for resource productivity, (2) dashboard indicators
for materials, land, water, and carbon, and (3) thematic indicators
that relate to transformation in the economy, nature and ecosys-
tems, and key areas (European Commission, 2014a).

3. Data and methodology

3.1. Data collection

There are 27 wastewater treatment plants (WWTPs) distributed
geographically across Jordan. These plants employ biological
treatments that form the core of their treatment processes. Data for
27WWTPswere obtained from theMinistry ofWater and Irrigation
(MWI) for 2012; however, based on data availability and plant
homogeneity regarding treatment type and influent volume, only
14 WWTPs are included in this study. The average annual treated
effluent discharged from the 14 plants is 1,691,246 m3/year (MWI,
2013a). All 14 plants apply three main treatment stages; primary
treatment based on physical operations; secondary treatment
based on aerobic mechanical biological processes and finally, in the
third stage, the effluent is disinfected with chlorine. The As-Samra
WWTP, which is responsible for around 73% of the treated waste-
water influent in Jordan (Seder and Abdel-Jabbar, 2011), is excluded
on account of the unavailability of detailed cost data and that major
reconstruction is occurring there (MWI, 2013a). Nevertheless, as
As-Samra WWTP uses the same treatment technologies of the
study sample, as well as receives influents with characteristics
similar to the other plants in the study (MIGA, 2013), the analytical
results from this study are also likely to approximate those of this
plant.

Data were collected on a number of technical and economical
parameters, as follows.

The technical parameters of the characteristics of raw and
treated wastewater include monthly influent wastewater volume
(in m3); COD concentration (in mg/L), broken into ‘in’ (amount
contained in the influent) and ‘out’ (amount in the effluent); total
suspended solid (TSS) concentration (in mg/L), likewise broken into
‘in’ and ‘out’; phosphorous (P) concentration (in mg/L), which is
strictly an ‘out’ parameter; and nitrogen (N) concentration (in mg/
L), which is also an ‘out’ parameter. The average technical param-
eters of the study sample are as follow; the average removed COD is
1.155 kg/m3, the average removed TSS is 0.562 kg/m3, the average
removed P is 0.032 kg/m3 and the average removed N is 0.067 kg/
m3.
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The economic parameters for each WWTP include capital
costs; the annual operating cost, which comprises energy, staff,
reagents, and other costs. Additionally, the selling price of
reclaimed wastewater earmarked for irrigation purposes is ob-
tained from the Jordan Valley Authority. All values are in Jordanian
dinar (JOD).

3.2. Methodology

This study adopts the costebenefit analysis (CBA) in order to
achieve its objectives because this approach takes into account the
environmental externalities. Although another economic approach,
called cost-effective analysis (CEA) applied by Yuan et al. (2010) to
study the feasibility of industrial WWTPs, accounts for environ-
mental benefits, it uses only operating costs, while the CBA
approach uses both operating and capital costs (Olivieri et al., 2005)
in addition to accounting for environmental benefits (Hussain et al.,
2001; Molinos-Senante et al., 2012, 2013). Accordingly, CBA is the
relevant approach to the task at hand, which is carrying an eco-
nomic analysis of wastewater industry in the context of a circular
economy to estimate the net economic losses to society of not going
circular in wastewater industry and arriving at an accurate market
value for water.

When resources do not have market value, then their economic
value could be derived through a number of economic valuation
methods such as, hedonic property pricing, travel cost, contingent
valuation, choice modelling, and transfer method (Johns and
Ozdemiroglu, 2007; NAP, 1997) and shadow price (Hern�andez-
Sancho et al., 2010). However, shadow price, which is based on
the distance function of F€are et al. (1993), has the advantages of
providing understanding of the benefits associated with imple-
menting a particular environmental program and its calculations
are less costly compared with other methods such as contingent
valuation methods which require surveying processes (Hern�andez-
Sancho et al., 2010). These advantages make using shadow price to
estimate the environmental benefits of wastewater treatments; i.e.
avoided costs appealing in the context of a circular economymodel.

3.2.1. Removal of phosphorus, nitrogen, chemical oxygen demand,
and total suspended solid

The main constituents of domestic wastewater, which are P, N,
COD, and TSS are serious threat to the environment (Metcalf and
Eddy, 2013b). P and N are the macronutrients of the plants that
are required for their growth, therefore the uncontrollable
discharge of N and P to the environment causes severe damage
through, for example, eutrophication and ground water contami-
nation. The biodegradable fraction of the COD and TSS severely
depletes the oxygen in the soil and water environment and thus
threatens their ecosystems. Therefore recycling wastewater by us-
ing different treatment technologies results in a number of benefits
including; removing these constituents as well as generating water
for different use options (Lettinga et al., 2001). The removed
amounts of P, N, COD, and TSS were calculated as the difference
between the ‘in’ and ‘out’ amounts. For P and N, we assumed that
the ‘in’ amounts were 50 and 85, respectively (Uleimat, 2012); from
these amounts, the ‘out’ amounts were subtracted in order to
derive the removed amounts.

3.2.2. Shadow price approach
To estimate the net opportunity cost of the water industry not

going circular and the ‘closing the loop charge’1dthe shadow price
approach is applied. The shadow price is used to estimate the
1 For more details, see Section 6.
avoided cost associated with discharging undesirable products into
the environment (i.e. environmental benefits), and it is calculated
by following Hern�andez-Sancho et al. (2010) 2 and using the dis-
tance function of F€are et al. (1993), as in Eq. (1).
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(1)

where Inputpi is an operating cost i (staff, energy, reagents, and
other operating costs), and Outputpo is an output i of the wastewater
treatment process (reclaimed wastewater [functionally cycled wa-
ter], removed P, removed N, removed COD, or removed TSS). The
coefficients of the trans-log distance function (Eq. (1)) is solved by
optimizing the objective function in Eq. (2) and using linear pro-
gramming subject to constraints, as per Hern�andez-Sancho et al.
(2010):

Max
XP
p¼1

½LnD0ðInputp;OutputpÞ � lnð1Þ�; (2)

Subject to.

(i) LnD0ðInputp;OutputpÞ � 0

(ii) D LnD0ðInputp;OutputpÞ
D lnðInputpi Þ

� 0; p;desirable output

(iii) D LnD0ðInputp;OutputpÞ
D lnðOutputpo Þ � 0; p;undesirable outputs

(iv)
PO

0¼1nO ¼ 1;
PO

00¼1nOO0 ¼ PO
0¼1uio ¼ 0

(v) noo0 ¼ no0o; lii0 ¼ li0 i
3.2.3. Opportunity cost calculations
To account for the full opportunity cost associated with the

water industry not going circular (i.e. the potential increase in
Jordan's aggregate wealth due to wastewater being treated), Eq. (3)
is applied.

Net Opportunity Cost of Not Going Circular
�

JD
Year

�
¼

PV of Financial Benefits
�X

ðTWWV*SÞ
�

þ PV of Enviromental Benefits
�X

ððMCOD*SPCODÞ
þ ðMTSS*SPTSSÞ þ ðMP*SPPÞ þ ðMN*SPNÞ
� PV of OperatingCosts� Capital cost

�
; ;

(3)

where TWWV is the annual effluent volume (in m3); S is the
reclaimed wastewater selling price (in JOD/m3) for irrigation;
MCOD;MTSS;MPandMN are the annual amounts of COD, TSS, P, and N
removed (in kg), respectively; and SPCOD; SPTSS; SPP and SPN are
2 The shadow price is calculated as per Hern�andez-Sancho et al. (2010). See also
F€are et al.'s (1993) Eq. (15).



Table 1
Shadow prices and environmental opportunity costs of wastewater treatment.

Items Shadow
price

Total average
annual removal

Average annual
environmental
benefits

COD �0.0590 27,141,992 1,602,631
TSS �0.0648 14,033,204 909,334
P �2.7557 815,109 2,246,173
N �0.3343 1,531,227 511,846
Total average annual

environmental benefits
5,269,983

Average annual
benefits/flow (m3)
(14 plants studied)

0.223

Average annual benefits
from all plants

27,660,360

Annual operating cost
(annual)

7,018,745

Shadow prices are calculated using Eq. (2) and are based on data for 14WWTPs that
are classified as mechanical treatment plants. COD, TSS, P, and N are chemical ox-
ygen demand, total suspended solids, phosphorous, and nitrogen, respectively.
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their respective shadow prices (in JOD/kg). All terms should be
discounted using the appropriate discount rate to arrive at their
present values (PV) and hence the net opportunity costs (NPV).3
4. Discussion of results

In line with the technology currently employed and the quality
of the effluent discharged from the Jordanian WWTPs under
investigation, the outputs of wastewater treatment can be classified
in terms of a circular economymodel (Ellen MacArthur Foundation,
2013)dnamely, as functionally cycled water (i.e. treated waste-
water) and functionally cycled material (i.e. sludge). The produced
sludge is a mixture of N, P, organics, and organisms (Metcalf and
Eddy, 2003a). In this study, the monetary value of the function-
ally cycled water and sludge represents the financial benefits, and
hence an opportunity cost of not going circular. This is because
these outputs could be sold for use in many applications, including
those in agriculture and industry. Furthermore, the shadow prices
of the N, P, and organics represent the environmental benefits (i.e.
avoided costs of keeping undesirable products out of the environ-
ment) (Hern�andez-Sancho et al., 2010) and therefore another op-
portunity cost of not going circular.

The shadow price is calculated for each of the functionally
cycled sludge components (i.e. N, P, COD, and TSS) (Table 1). The
highest level of environmental benefit per kilogramme is that of P,
followed by those of N, TSS, and COD. A similar benefit pattern is
reported by Hern�andez-Sancho et al. (2010) for the case of Valencia.
However, the cost of treating environmental pollution caused by P
and N in Jordan is less than that in Valencia, as the shadow prices of
P and N in Jordan are lower than their counterparts in Valencia. This
differential can be attributed to wastewater concentration, as in
Jordan, wastewater is more concentrated (Abu-Ghunmi et al., 2008;
MWI, 2013a) than in Valencia (Molinos-Senante et al., 2011). The
detailed comparison of the results of Jordan to those of Hern�andez-
Sancho et al. (2010) concerning Valencia, it is found that the
removed amounts of P in Jordan are 40 times larger than those
removed at the WWTPs in Valencia. In addition, it is found that the
removed amounts of N in Jordan are 15 times larger than those
reported in Valencia. Furthermore, the average amount of waste-
water effluent in Jordan is 1,691,246 m3/year, which is close to half
3 Molinos-Senante et al. (2013) use NPV in their study of the economic feasibility
of wastewater treatment.
the amount reported by Hern�andez-Sancho et al. (2010) for
Valencia. This indicates that a greater level of environmental ben-
efits is associated with heavily polluted wastewater and therefore a
greater opportunity cost associated with not going circular. This
argument is further enforced by knowing that the market price of
functionally cycled water for agriculture in Jordan, which is
JOD0.023/m3,4 is much lower than themarket prices of functionally
cycled water that Hern�andez-Sancho et al. (2010) use for the case of
Valencia, which are EUR0.1, 0.7, 0.9, and 1.5/m3 (i.e. JOD0.086,
0.604, 0.777, and 1.295/m3).

In Jordan, the cost of treating environmental pollution caused by
TSS and COD is higher than that in Valencia (i.e. the shadow prices
of TSS and COD are higher in Jordan)ddespite the fact that the
amounts of TSS and COD removed at WWTPs in Jordan are 12 and
23 times higher, respectively, than those in Valencia. This differ-
ential can be attributed to higher energy and staff costs, and other
costs, in Jordan per cubic metre of functionally cycled water,
compared to those reported by Molinos-Senante et al. (2011) for
Valencia. These figures may imply that the wastewater treatment
sector in Jordan is relatively inefficient and should therefore be
improved.

The environmental opportunity costs (environmental benefits)
of functionally cycled water are calculated using Eq. (3); these are
reported in Table 1 for the 14WWTPs under study. The results show
that the average annual environmental opportunity costs are
JOD5.3 million, and the average for influent is JOD0.223/m3. If this
rate were to be applied to the influent of all 27WWTPs operating in
Jordan, the average annual environmental opportunity cost would
amount to JOD27.7 millionda figure almost four times the corre-
sponding annual operating costs.

Table 2 estimates the full opportunity cost of not going circular,
calculated as in Eq. (3) using environmental and financial benefits
and while accounting for operating and capital costs. The calcula-
tions are based on a 3.5% discount rate (Molinos-Senante et al.,
2011) and 20 years of depreciable life (Lienhoop et al., 2014;
Molinos-Senante et al., 2011); they are for only nine WWTPs, due
to data being unavailable for the others. The results show that only
one WWTP is actually associated with positive NPV (i.e. opportu-
nity cost), while the others show losses: in those WWTPs, the
operating and capital costs of treating wastewater exceed the
associated financial and environmental benefits. This can be
attributed to the very low average price of functionally cycled water
(JOD0.023/m3) and also to operational inefficiencies, as mentioned.
If the price were to be increased to just JOD0.0755/m3 for func-
tionally cycled water, the net opportunity cost (NPV) turns out to be
around JOD 68.9 million, as shown in Table 3; this is even after
controlling for the inflation effect. TheWWTPs were constructed in
different years, and span the 1985e1999 period; therefore, the
capital costs should be adjusted for inflation, as done in Table 3.

The total annual influent volume of the nine WWTPs in Table 3
amounts to approximately 18 million m3. This represents only 16%
of the total annual influent of the 27 WWTPs in Jordan (MWI,
2013a). Knowing that, and using the average NPV of JOD3.79/m3,
the total opportunity cost of the 27 WWTPs is therefore around
JOD431 million. Furthermore, as only 67% of Jordan's wastewater
flows to WWTPs, this implies that there is an existing (and
currently squandered) annually opportunity cost of around JOD212
million; this cost is directly associated with not functionally recy-
cling 33% of the wastewater. These numbers do not even take into
account the opportunity cost associated with the functionally
4 JOD ¼ 1.41 US dollar.
5 We made incremental increases in the price and recalculated the NPV to arrive

at price that was just high enough to turn the project into positive NPV.



Table 2
Net opportunity costs of not going circular.

WWTP Financial benefits Environmental benefits Operating cost Capital costs Net opportunity cost

WWTP1 44,158 605,209 330,461 5,581,000a �1,048,579
WWTP2 98,331 1,024,753 424,995 7,640,000 2,281,520
WWTP3 34,000 380,572 262,290 8,200,000 �6,035,706
WWTP4 89,667 924,819 566,424 18,657,763 �12,289,724
WWTP5 34,023 251,558 139,172 4,638,000a �2,557,178
WWTP6 54,897 465,902 337,658 4,638,000 �2,035,137
WWTP7 13,225 96,218 100,425 871,304 �743,121
WWTP8 22,143 151,516 146,982 888,517 �509,380
WWTP9 27,981 240,860 87,859 3,360,000 �787,809
Total 418,424 4,141,407 2,396,265 54,474,584 �23,725,114

a These values are approximated, based on values associated with similar projects.

Table 3
Opportunity cost assuming JOD0.075/m3 price for functionally cycled water.

Plant Total annual benefits e
Operating costs

Capital costs Net opportunity
cost

WWTP1 1,787,039 10,957,461 14,440,662
WWTP2 3,237,234 20,083,242 25,925,640
WWTP3 1,089,575 21,555,312 �6,069,836
WWTP4 2,741,683 22,488,264 16,477,639
WWTP5 792,071 5,796,896 5,460,330
WWTP6 1,360,597 14,125,888 5,211,466
WWTP7 256,457 2,148,715 1,496,162
WWTP8 419,296 1,744,471 4,214,733
WWTP9 788,796 9,427,169 1,783,520
Total 12,472,749 108,327,418 68,940,315

Shadow prices are recalculated assuming that the price of 1 m3 of treated
wastewater is JOD0.075, and that capital expenditures are adjusted for inflation;
consumer price index information used for this purpose was drawn from the
Central Bank of Jordan website (www.cbj.gov.jo).

Table 4
Sensitivity analysis of opportunity costs.

Plant Net opportunity
cost (5%)

Net opportunity
cost (30 years)

WWTP1 11,312,999 21,909,847
WWTP2 20,259,855 39,456,122
WWTP3 �7,976,802 �1,515,803
WWTP4 11,679,165 27,936,892
WWTP5 4,074,054 8,770,901
WWTP6 2,830,158 10,898,274
WWTP7 1,047,312 2,568,062
WWTP8 3,480,884 5,967,241
WWTP9 402,975 5,080,405
Total 47,110,599 121,071,940
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cycled sludge produced by the treatment process; this factor still
needs to be quantified, if we are to arrive at the full opportunity cost
of not going circular in the water industry.

To reduce uncertainty surrounding the discount rate and useful
life of the WWTPs, in line with Molinos-Senante et al. (2013), we
undertook sensitivity analysis. Column (2) in Table 4 reports new
opportunity costs while assuming a 5% discount rate, rather than
one of 3.5%. Meanwhile, column (3) shows the opportunity cost
while assuming a useful life of 30 years, rather than one of 20 years
(Molinos-Senante et al., 2013; Yuan et al., 2010). These results show
the robustness of the benefits of going circular: even with a higher
discount rate, the net opportunity cost is two-thirds the previously
calculated figure.

Therefore, based on the above results, it is recommended that
the average price of 1 m3 of functionally cycled wastewater be
increased to JOD0.075/m3 6; this will help ensure the benefits of
going circular, even while not accounting for the opportunity costs
associated with functionally cycled material (i.e. sludge). Conse-
quently, the economic analysis conducted in this study provides
further evidence of the urgent need to accelerate movement to-
ward a circular economy modelda movement in line with the
recommendation of the WEF's (2014) report.
5. ‘Closing the loop’ in the water industry

There has been a global call to increase the private sector's
participation in moving toward a circular economy. The average
6 The proposed price of JOD0.075/m3 is still low, compared to the price of 1 m3 of
domestic-use waterda price that ranges from JOD0.19 to JOD1.60, based on
consumption.
consumption of water in Jordan, during 2000e2013, is close to 869
million m3 (MWI, 2013b). The average percentage of water con-
sumption for irrigation purposes is 61%, while 4% is used by the
industrial sector and 35% is used by the municipalities (MWI,
2013b). According to MWI (2009), treated wastewater makes 11%
of the water supply, where 10% used by agriculture and 1% by in-
dustry. In fact, the market for treated wastewater is expected to
have a larger contribution to water supply in 2022, where 15% of
Jordan's water need is expected to be supplied by treated waste-
water; 13% for irrigation and 2% for industry (MWI, 2009). This
shows the importance of the treated wastewater market that might
attract the interest of private sector. Furthermore, the results re-
ported herein indicate that in Jordan, the wastewater industry is a
net creator of value; this should encourage private sector invest-
ment in this sector. However, in order to achieve such investment,
the monetary value of environmental externalities (i.e. shadow
prices) should be included in the total benefits of wastewater
treatment. This amount of money should be forwarded to the
WWTPs, so that their benefits may exceed their costs. In fact, this
consideration of environmental externalities meets the re-
quirements inherent in the European Commission's (2014b)
recommendation that the market value of the product reflects
environmental externalities and also is consistent with the full-cost
recovery funding model (CCME, 2006). Accordingly, we introduce
the term ‘closing the loop charge’, which is defined as the avoided
cost of closing the water industry's loop; and we propose the
shadow price as the tool bywhich to determine themonetary value
of this charge. To the best of the authors' knowledge, this is the first
time the shadow price is used in pricing water resources.

In the case of Jordan and based on the results of this study
(Table 5), the average ‘closing the loop charge’ is about JOD0.70/m3

of water. Taking into account the importance of the private sector in
achieving circularity (Hislop and Hill, 2011), this ‘closing the loop
charge’ should be paid to the WWTPs. This would ensure that in-
vestors in this sector are making profits, which would in turn
encourage them to compete in treating wastewater, and thus

http://www.cbj.gov.jo


Table 5
Waste pricing: Circular economy charge (JOD/m3).

Plant Extra charge

WWTP1 1.028
WWTP2 0.782
WWTP3 0.840
WWTP4 0.774
WWTP5 0.555
WWTP6 0.637
WWTP7 0.546
WWTP8 0.513
WWTP9 0.646
Average 0.700
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improve wastewater treatment efficiency. The ‘closing the loop
charge’ is similar to the pre-cycling insurance concept of Greyson
(2007): this pre-cycling insurance is charged to the manufacturer
to cover any reuse, repairing, recycling, remanufacturing, rede-
signing, and/or other actions required to generate resources and
energy from waste and to accelerate movement toward a circular
economy. However, in the case of water, WWTPs protect the
environment by ‘closing the loop’ of the water sector, by treating
wastewater and hence not letting undesirable products infiltrate
the environment. This ‘closing the loop charge’ could be paid by the
government to the WWTPs, in the form of subsides or direct pay-
ment, or by the WWTPs adopting a full-cost recovery approach for
pricing the reclaimed water (functionally cycled water). Further-
more, excessive consumption of water by households, farmers, and
industries should be penalized by levying a corresponding amount
in the form of extra tax. Ultimately, who should pay the ‘closing the
loop charge’ is an issue that should be discussed at the national
level, with the involvement of all stakeholders.

Furthermore, there is a number of other funding mechanisms
that can be tapped to attract the private sector to invest in the
wastewater treatment industry including: issuing bonds in the
financial markets; securing loans from banks and other financial
institutions (CCME, 2006; U.S Department of Energy, 2015); using
Public-Private Partnership (PPP) arrangements (CCME, 2006) and/
or using crowdfunding (U.S Department of Energy, 2015). The latter
two funding mechanisms could be of particular interest to the
wastewater treatment sector. Crowdfunding, which is a new
internet-based financing method, seeks to raise small amount of
investments from a large number of investors and then aggregate
these contributions into a loan or an equity type of investment (U.S
Department of Energy, 2015). Interestingly, the use of crowdfund-
ing to finance new business models, which is one of the tools of
circular economy, is seen as a good response by the financial sector
to such needs (Innovfin Advisory and European Investment Bank
Advisory Services, 2015). PPP engages the private sector, in the
wastewater treatment industry, in a way that most likely enhances
the operational and cost efficiency of this industry and enables its
access to alternative sources of fund (United States Government
Accountability Office, 2010). Under the PPP, the private partner
participates not only in financing the project but also participates in
the planning; design; construction; operation and maintenance
processes (United States Government Accountability Office, 2010).
The extent of the private sector involvement depends on the PPP
arrangements (United States Government Accountability Office,
2010). This clearly supports the transition to a circular economy
where efficiency is an important issue.

6. Conclusion

This study estimated the full opportunity cost inherent in not
replacing Jordan's water industry's current linear economic model
with a circular model; it also investigated a method by which to
calculate the ‘closing the loop charge’. Using the current average
price of functionally cycled water for irrigation (JOD0.023/m3), the
results indicate that the costs outweigh the financial and environ-
mental benefits inherent in a circular model. However, when the
price is raised to JOD0.075/m3dwhich is still far below the average
price of 1 m3 of drinking waterdthe NPV reaches nearly JOD68.9
million, evenafteradjusting for inflation.What ismore, in extending
analysis to the total wastewater influent generated in Jordan, the
NPV reaches JOD643 million, leaving JOD212 million of an already-
missed opportunity cost associated with untreated wastewater.

Attracting the private sector to the wastewater treatment in-
dustry is a must, if Jordan is to ‘close the loop’ of its water resources.
We calculated the ‘closing the loop charge’ in the water industry for
1 m3 of water, based on the shadow price; we found it to be
JOD0.70. This amount should be paid to the WWTPs, to ensure
profitability among investors in this sector and thus attract foreign
and domestic investmentdinvestment that is essential to making
improvements to Jordan's wastewater treatment industry, within
the framework of the regenerative thinking found within a circular
economy.

This study's findings show that Jordan's adoption of a circular
economy model within the water sector is justified on economic
grounds. Therefore, accelerating the water industry's process of
going circular is inevitable, if Jordan is to increase its water-use
efficiency and conserve its scarce water resources.

The findings of this paper have profound theoretical and prac-
tical implications for circular economy model, full-cost recovery
approach, and water pricing policy. It provides evidence that a
circular economy model is not only appealing from a theoretical
perceptive, where closing the loop in an industry is the way for-
ward to save and sustain resources, but it also confirms this
empirically. It shows, based on Jordan's water industry experience,
howmuch benefits have already been achieved from going circular
and howmuch benefits still to be gained by going fully circular. This
paper also supports the full cost recovery approach of pricing re-
sources and provides further evidence to policy makers that going
circular along with adopting the right water pricing policy is a must
to sustain water industry. The full cost recovery approach that
captures both the financial and the environmental costs associated
with water industry provides the baseline for pricing its products in
order to be able to make profits and hence appeals to the private
sector.

However, challenges lie ahead. There should be a national
debate involving all stakeholders, about cost allocation of waste-
water treatment externalities, so that scarce water resources are
used efficiently and justly. In addition, as one of the major chal-
lenges to carrying out studies in circular economy is data limita-
tions, water industry along with other industries, should work on
developing a comprehensive detailed database, which is needed to
fully measure the circularity of any industry. Furthermore, laws and
regulations should be directed to facilitate the movement to a cir-
cular economy, such as; setting appropriate environmental stan-
dards for the use of recycled products; specifying health regulations
related to the reuse and recycling of products; and encouraging
investment and innovation in reuse and recycle industry. Munici-
palities, local governments and environmental activists should in-
crease the awareness of society and local communities to the
importance of going circular and therefore, increasing their
acceptance to the reuse and recycle of products.
Acknowledgement

The authors would like to thank the Deanship of Scientific
Research at the University of Jordan for funding this research.



D. Abu-Ghunmi et al. / Journal of Cleaner Production 131 (2016) 228e236 235
References

Abu-Ghunmi, L., Zeeman, G., van Lier, J., Fayyad, M., 2008. Quantitative and
qualitative characteristics of grey water for reuse requirements and treat-
ment alternatives: the case of Jordan. Water Sci. Technol. 58 (7),
1385e1396.

Abu-Ghunmi, L., 2009. Characterization and Treatment of Grey Water: Options for
Re(use) (Ph.D. thesis). Wageningen University, Wageningen, The Netherlands.

Accenture, 2014. Circular Advantage - Innovative Business Models and Technologies
to Create Value in a World without Limits to Growth available at: https://
thecirculars.org/documents/Accenture%20Circular%20Advantage%20Web%
20Single.pdf (accessed 01.04.16.).

Boulding, K., 1966. The economics of the coming spaceship earth. In: Jarrett, H.
(Ed.), Environmental Quality in a Growing Economy, Resources for the Future.
Johns Hopkins University Press, Baltimore, MD, pp. 3e14 (cited by Greyson,
2007).

CCME, February 2006. Examination of Potential Funding Mechanisms for Municipal
Wastewater Effluent (MWWE) Projects in Canada. Canadian Council of Minis-
ters of the Environment Economic Implications Sub Committee available at:
http://www.ccme.ca/files/Resources/municipal_wastewater_efflent/mwwe_
funding_mechanisms_rpt_e.pdf (accessed 06.03.16.).

COM; Communication from the Commission to the European Parliament, the
Council, the European Economic and Social Committee and the Committee of
the Regions, 2014. 398 final, towards a Circular Economy: a Zero Waste Pro-
gramme for Europe. Available at: http://eur-lex.europa.eu/resource.html?
uri¼cellar:50edd1fd-01ec-11e4-831f-01aa75ed71a1.0001.01/DOC_
1&format¼PDF (accessed 09.06.15.).

Ellen MacArthur Foundation, 2013. Towards the Circular Economy: Economic and
Business Rationale for an Accelerated Transition. Available at: http://www.c2c-
centre.com/sites/default/files/Towardsa%20Circular%20Economy.pdf (accessed
09.06.15.).

Ellen MacArthur Foundation, 2015. Delivering the Circular Economy e a Toolkit for
Policymakers available at: http://www.ellenmacarthurfoundation.org/assets/
downloads/publications/EllenMacArthurFoundation_PolicymakerToolkit.pdf
(accessed 01.04.16.).

European Commission, 2008. Guide to Cost-benefit Analysis of Investment Projects
Structural Funds, Cohesion Fund and Instrument for Pre-accession. Available at:
http://ec.europa.eu/regional_policy/sources/docgener/guides/cost/guide2008_
en.pdf (accessed 18.09.15.).

European Commission, 2014a. EU Resource Efficiency Scoreboard. Available at:
http://ec.europa.eu/environment/resource_efficiency/documents/re_
scoreboard_2014.pdf (accessed 09.06.15.).

European Commission, 2014b. Scoping Study to Identify Potential Circular Economy
Actions, Priority Sectors, Material Flows and Value Chains; Funded under DG
Environment's Framework Contract for Economic Analysis ENV.F.1/FRA/2010/
0044 August 2014. Available at: http://www.ieep.eu/assets/1410/Circular_
economy_scoping_study_-_Final_report.pdf (accessed 09.06.15.).

F€are, R., Grosskopf, S., Knox Lovell, C.A., Yaisawarng, S., 1993. Derivation of shadow
prices for undesirable outputs: a distance function approach. Rev. Econ. Stat. 75
(2), 374e380.

Greyson, J., 2007. An economic instrument for zero waste, economic growth and
sustainability. J. Clean. Prod. 15, 1382e1390.

Hamdy, A., Ragab, R., 2003. Sustainable use of non-conventional water resources in
agriculture. In: Ragab, R. (Ed.), Sustainable Strategies for Irrigation in Salt-Prone
Mediterranean Region: a System Approach, Proceedings of an International
Workshop, Cairo, Egypt, December 8e10, 2003, pp. 146e159.

Hanjra, M.A., Drechsel, P., Mateo-Sagasta, J., Otoo, M., Hern�andez-Sancho, F., 2015.
Chapter 7: assessing the finance and economics of resource recovery and reuse
solutions across scales. In: Drechsel, P., Qadir, M., Wichelns, D. (Eds.), Waste-
water Economic Asset in an Urbanizing World. Springer.

Haruvy, N., 1998. Wastewater reusedregional and economic considerations. Resour.
Conserv. Recycl. 23, 57e66.

Hern�andez-Sancho, F., Molinos-Senante, M., Sala-Garrido, R., 2010. Economic
valuation of environmental benefits from wastewater treatment processes: an
empirical approach for Spain. Sci. Total Environ. 408, 953e957.

Heshmati, A., 2015. A Review of the Circular Economy and its Implementation.
Sogang University and IZA. Discussion Paper No. 9611, available at: http://ftp.
iza.org/dp9611.pdf (accessed 01.04.16.).

Hislop, H., Hill, J., 2011. Reinventing the Wheel: a Circular Economy for Resource
Security, Green Alliance available at: http://www.green-alliance.org.uk/
resources/Reinventing%20the%20wheel.pdf (accessed 18.09.15.).

Hussain, I., Raschid, L., Hanjra, M.A., Marikar, F., van der Hoek, W., 2001.
A Framework for Analyzing Socioeconomic, Health and Environmental Impacts
of Wastewater Use in Agriculture in Developing Countries. Working Paper 26.
International Water Management Institute, Colombo, Sri Lanka.

Innovfin Advisory, European Investment Bank Advisory Services, December 2015.
Assessment of Access-to-finance Conditions for Projects Supporting Circular
Economy. Final Report, Luxembourg, available. http://www.eib.org/
attachments/press/innovfin-advisory-report-on-circular-economy-full-report-
public.pdf (accessed 06.03.16.).

Jaber, J., Mohsen, M., 2001. Evaluation of non-conventional water resources supply
in Jordan. Desalination 136, 83e92.
Johns, Ozdemiroglu, 2007. Using Science to Create a Better Place e Assessing the
Value of Groundwater. Science Report e SC040016/SR1. The Environment
Agency. available at: https://www.gov.uk/government/uploads/system/
uploads/attachment_data/file/291073/scho0207bmbd-e-e.pdf (accessed
01.04.16.).

Lettinga, G., Lens, P., Zeeman, G., 2001. Environmental protection technologies for
sustainable development. In: Lens, P., Zeeman, G., Lettinga, G. (Eds.), Decen-
tralized Sanitation and Reuse Concepts, System and Implementations. IWA
Publishing Alliance House, London, UK, pp. 3e10.

Li, Y., Ma, C., 2015. Circular economy of a papermaking park in China: a case study.
J. Clean. Prod. 92 (1), 65e74.

Lienhoop, N., Al-Karablieh, E., Salman, A., Cardona, J., 2014. Environmental cost-
ebenefit analysis of decentralised wastewater treatment and re-use: a case
study of rural Jordan. Water Policy 16, 323e339.

Metcalf, Eddy, 2003a. Wastewater Engineering, Treatment and Reuse, fourth ed.
McGraw Hill Education, New York.

Metcalf, Eddy, 2003b. Wastewater Engineering Treatment and Reuse: Treatment,
Disposal, Reuse, third ed. McGraw-Hill, N.Y.

Molinos-Senante, M., Hern�andez-Sancho, F., Sala-Garrido, R., 2010. Economic
feasibility study for wastewater treatment: a costebenefit analysis. Sci. Total
Environ. 408, 4396e4402.

Molinos-Senante, M., Hern�andez-Sancho, F., Sala-Garrido, R., 2011. Costebenefit
analysis of water-reuse projects for environmental purposes: a case study for
Spanish wastewater treatment plants. J. Environ. Manag. 92, 3091e3097.

Molinos-Senante, M., Garrido-Baserba, M., Reif, R., Hern�andez-Sancho, F., Poch, M.,
2012. Assessment of wastewater treatment plant design for small commu-
nities: environmental and economic aspects. Sci. Total Environ. 427e428,
11e18.

Molinos-Senante, M., Hern�andez-Sancho, F., Sala-Garrido, R., Cirelli, G., 2013. Eco-
nomic feasibility study for intensive and extensive wastewater treatment
considering greenhouse gases emissions. J. Environ. Manag. 123, 98e104.

MIGA; Multilateral Investment Guarantee Agen, 2013. World Bank Group (2013)
Environmental and Social Review Summary: AS Samra Wastewater Treatment
Expansion Project. 6 May, 2013. cy. Available at: http://www.miga.org/
documents/ESRS_AS_Samra_Wastewater_Treatment_Expansion_Project_
Jordan.pdf (accessed 23.09.14.).

MWI; Ministry of Water and Irrigation, 2009. Water for Life Jordan's Water Strategy
2008e2022 available at: http://www.emwis.net/thematicdirs/news/2009/05/
jordan-jd586b-water-strategy-finalized (accessed 29.04.16.).

Ministry of Water and Irrigation (MWI), 2013a. Annual Report. Ministry of Water
and Irrigation, Amman, Jordan.

MWI; Ministry of Water and Irrigation, 2013b. Jordan Water Sector Facts and Fig-
ures 2013 available at: http://www.mwi.gov.jo/sites/en-us/Documents/W.%20in
%20Fig.E%20FINAL%20E.pdf (accessed 29.04.16.).

NAP: National Academy Press, 1997. Valuing Ground Water: Economic Concepts and
Approaches. Washington, D.C. 1997, available at: http://www.nap.edu/catalog/5498/
valuing-ground-water-economic-concepts-and-approaches (accessed 01.04.16.).

Olivieri, A.W., Sollera, J.A., Olivieri, K.J., Goebel, R.P., Tchobanoglous, G., 2005. Sea-
sonal tertiary wastewater treatment in California: an analysis of public health
benefits and costs. Water Res. 39, 3035e3043.

Otterpohl, R., Albold, A., Oldenburg, M., 1999. Source control in urban sanitation and
waste management: ten systems with reuse of resources. Water Sci. Technol. 39
(5), 153e160.

Seder, N., Abdel-Jabbar, S., 2011. Safe Use of Treated Wastewater in Agriculture.
Jordan Case Study. Arab Countries Water Utilities Association. Available at:
http://www.ais.unwater.org/ais/pluginfile.php/356/mod_page/content/118/
Jordan_-_Case_Study(new).pdf (accessed 23.09.14.).

SITA UK, n.d. Driving Green Growth The Role of the Waste Management Industry
and the Circular Economy. Available at: http://www.sita.co.uk/downloads/
DrivingGreenGrowth-SITAUK-120423.pdf; (accessed 08.06.15.).

Smol, M., Kulczycka, J., Henclik, A., Gorazda, G., Wzorek, Z., 2015. The possible use of
sewage sludge ash (SSA) in the construction industry as a way towards a cir-
cular economy. J. Clean. Prod. 95, 45e54.

The U.S. Chamber of Commerce Foundation, 2015. Achieving a Circular Economy:
How the Private Sector Is Reimagining the Future of Business. Corporate Citi-
zenship Center, Washington DC 20062 available at: https://www.
uschamberfoundation.org/sites/default/files/Circular%20Economy%20Best%
20Practices.pdf (accessed 01.04.16.).

Uleimat, A., 2012. Waste-water reuse management in Jordan: applications and
solutions. In: Presented in World Water Week in Stockholm; Stockholm
Workshop on Health and Food Security, 26e31 August, 2012.

United States Government Accountability Office, June, 2010. Wastewater Infra-
structure Financing Stakeholder Views on a National Infrastructure Bank and
Public-Private Partnerships. GAO-10-728, available at. http://www.gao.gov/
assets/310/306947.pdf (accessed 06.03.16.).

U.S Department of Energy, December 2015. Energy Investment Partnerships: How
State and Local Governments Are Engaging Private Capital to Drive Clean En-
ergy Investment available at: http://energy.gov/sites/prod/files/2015/12/f27/
Energy%20Investment%20Partnerships.pdf (accessed 06.03.16.).

Veolia, 2014. Water at the Heart of the Circular Economy. Available at: http://www.
veolia.com/gulfcountries/sites/g/files/dvc171/f/assets/documents/2014/10/
Veolia_brochure_WWW_STOCKHOLM_2014.pdf (accessed 09.06.15.).

http://refhub.elsevier.com/S0959-6526(16)30498-X/sref1
http://refhub.elsevier.com/S0959-6526(16)30498-X/sref1
http://refhub.elsevier.com/S0959-6526(16)30498-X/sref1
http://refhub.elsevier.com/S0959-6526(16)30498-X/sref1
http://refhub.elsevier.com/S0959-6526(16)30498-X/sref1
http://refhub.elsevier.com/S0959-6526(16)30498-X/sref2
http://refhub.elsevier.com/S0959-6526(16)30498-X/sref2
https://thecirculars.org/documents/Accenture%20Circular%20Advantage%20Web%20Single.pdf
https://thecirculars.org/documents/Accenture%20Circular%20Advantage%20Web%20Single.pdf
https://thecirculars.org/documents/Accenture%20Circular%20Advantage%20Web%20Single.pdf
http://refhub.elsevier.com/S0959-6526(16)30498-X/sref4
http://refhub.elsevier.com/S0959-6526(16)30498-X/sref4
http://refhub.elsevier.com/S0959-6526(16)30498-X/sref4
http://refhub.elsevier.com/S0959-6526(16)30498-X/sref4
http://refhub.elsevier.com/S0959-6526(16)30498-X/sref4
http://www.ccme.ca/files/Resources/municipal_wastewater_efflent/mwwe_funding_mechanisms_rpt_e.pdf
http://www.ccme.ca/files/Resources/municipal_wastewater_efflent/mwwe_funding_mechanisms_rpt_e.pdf
http://eur-lex.europa.eu/resource.html?uri=cellar:50edd1fd-01ec-11e4-831f-01aa75ed71a1.0001.01/DOC_1&amp;format=PDF
http://eur-lex.europa.eu/resource.html?uri=cellar:50edd1fd-01ec-11e4-831f-01aa75ed71a1.0001.01/DOC_1&amp;format=PDF
http://eur-lex.europa.eu/resource.html?uri=cellar:50edd1fd-01ec-11e4-831f-01aa75ed71a1.0001.01/DOC_1&amp;format=PDF
http://eur-lex.europa.eu/resource.html?uri=cellar:50edd1fd-01ec-11e4-831f-01aa75ed71a1.0001.01/DOC_1&amp;format=PDF
http://eur-lex.europa.eu/resource.html?uri=cellar:50edd1fd-01ec-11e4-831f-01aa75ed71a1.0001.01/DOC_1&amp;format=PDF
http://eur-lex.europa.eu/resource.html?uri=cellar:50edd1fd-01ec-11e4-831f-01aa75ed71a1.0001.01/DOC_1&amp;format=PDF
http://www.c2c-centre.com/sites/default/files/Towardsa%20Circular%20Economy.pdf
http://www.c2c-centre.com/sites/default/files/Towardsa%20Circular%20Economy.pdf
http://www.ellenmacarthurfoundation.org/assets/downloads/publications/EllenMacArthurFoundation_PolicymakerToolkit.pdf
http://www.ellenmacarthurfoundation.org/assets/downloads/publications/EllenMacArthurFoundation_PolicymakerToolkit.pdf
http://ec.europa.eu/regional_policy/sources/docgener/guides/cost/guide2008_en.pdf
http://ec.europa.eu/regional_policy/sources/docgener/guides/cost/guide2008_en.pdf
http://ec.europa.eu/environment/resource_efficiency/documents/re_scoreboard_2014.pdf
http://ec.europa.eu/environment/resource_efficiency/documents/re_scoreboard_2014.pdf
http://www.ieep.eu/assets/1410/Circular_economy_scoping_study_-_Final_report.pdf
http://www.ieep.eu/assets/1410/Circular_economy_scoping_study_-_Final_report.pdf
http://refhub.elsevier.com/S0959-6526(16)30498-X/sref12
http://refhub.elsevier.com/S0959-6526(16)30498-X/sref12
http://refhub.elsevier.com/S0959-6526(16)30498-X/sref12
http://refhub.elsevier.com/S0959-6526(16)30498-X/sref12
http://refhub.elsevier.com/S0959-6526(16)30498-X/sref12
http://refhub.elsevier.com/S0959-6526(16)30498-X/sref13
http://refhub.elsevier.com/S0959-6526(16)30498-X/sref13
http://refhub.elsevier.com/S0959-6526(16)30498-X/sref13
http://refhub.elsevier.com/S0959-6526(16)30498-X/sref14
http://refhub.elsevier.com/S0959-6526(16)30498-X/sref14
http://refhub.elsevier.com/S0959-6526(16)30498-X/sref14
http://refhub.elsevier.com/S0959-6526(16)30498-X/sref14
http://refhub.elsevier.com/S0959-6526(16)30498-X/sref14
http://refhub.elsevier.com/S0959-6526(16)30498-X/sref14
http://refhub.elsevier.com/S0959-6526(16)30498-X/sref15
http://refhub.elsevier.com/S0959-6526(16)30498-X/sref15
http://refhub.elsevier.com/S0959-6526(16)30498-X/sref15
http://refhub.elsevier.com/S0959-6526(16)30498-X/sref15
http://refhub.elsevier.com/S0959-6526(16)30498-X/sref15
http://refhub.elsevier.com/S0959-6526(16)30498-X/sref16
http://refhub.elsevier.com/S0959-6526(16)30498-X/sref16
http://refhub.elsevier.com/S0959-6526(16)30498-X/sref16
http://refhub.elsevier.com/S0959-6526(16)30498-X/sref16
http://refhub.elsevier.com/S0959-6526(16)30498-X/sref17
http://refhub.elsevier.com/S0959-6526(16)30498-X/sref17
http://refhub.elsevier.com/S0959-6526(16)30498-X/sref17
http://refhub.elsevier.com/S0959-6526(16)30498-X/sref17
http://refhub.elsevier.com/S0959-6526(16)30498-X/sref17
http://ftp.iza.org/dp9611.pdf
http://ftp.iza.org/dp9611.pdf
http://www.green-alliance.org.uk/resources/Reinventing%20the%20wheel.pdf
http://www.green-alliance.org.uk/resources/Reinventing%20the%20wheel.pdf
http://refhub.elsevier.com/S0959-6526(16)30498-X/sref20
http://refhub.elsevier.com/S0959-6526(16)30498-X/sref20
http://refhub.elsevier.com/S0959-6526(16)30498-X/sref20
http://refhub.elsevier.com/S0959-6526(16)30498-X/sref20
http://www.eib.org/attachments/press/innovfin-advisory-report-on-circular-economy-full-report-public.pdf
http://www.eib.org/attachments/press/innovfin-advisory-report-on-circular-economy-full-report-public.pdf
http://www.eib.org/attachments/press/innovfin-advisory-report-on-circular-economy-full-report-public.pdf
http://refhub.elsevier.com/S0959-6526(16)30498-X/sref22
http://refhub.elsevier.com/S0959-6526(16)30498-X/sref22
http://refhub.elsevier.com/S0959-6526(16)30498-X/sref22
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/291073/scho0207bmbd-e-e.pdf
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/291073/scho0207bmbd-e-e.pdf
http://refhub.elsevier.com/S0959-6526(16)30498-X/sref24
http://refhub.elsevier.com/S0959-6526(16)30498-X/sref24
http://refhub.elsevier.com/S0959-6526(16)30498-X/sref24
http://refhub.elsevier.com/S0959-6526(16)30498-X/sref24
http://refhub.elsevier.com/S0959-6526(16)30498-X/sref24
http://refhub.elsevier.com/S0959-6526(16)30498-X/sref25
http://refhub.elsevier.com/S0959-6526(16)30498-X/sref25
http://refhub.elsevier.com/S0959-6526(16)30498-X/sref25
http://refhub.elsevier.com/S0959-6526(16)30498-X/sref26
http://refhub.elsevier.com/S0959-6526(16)30498-X/sref26
http://refhub.elsevier.com/S0959-6526(16)30498-X/sref26
http://refhub.elsevier.com/S0959-6526(16)30498-X/sref26
http://refhub.elsevier.com/S0959-6526(16)30498-X/sref27
http://refhub.elsevier.com/S0959-6526(16)30498-X/sref27
http://refhub.elsevier.com/S0959-6526(16)30498-X/sref51
http://refhub.elsevier.com/S0959-6526(16)30498-X/sref51
http://refhub.elsevier.com/S0959-6526(16)30498-X/sref29
http://refhub.elsevier.com/S0959-6526(16)30498-X/sref29
http://refhub.elsevier.com/S0959-6526(16)30498-X/sref29
http://refhub.elsevier.com/S0959-6526(16)30498-X/sref29
http://refhub.elsevier.com/S0959-6526(16)30498-X/sref29
http://refhub.elsevier.com/S0959-6526(16)30498-X/sref29
http://refhub.elsevier.com/S0959-6526(16)30498-X/sref30
http://refhub.elsevier.com/S0959-6526(16)30498-X/sref30
http://refhub.elsevier.com/S0959-6526(16)30498-X/sref30
http://refhub.elsevier.com/S0959-6526(16)30498-X/sref30
http://refhub.elsevier.com/S0959-6526(16)30498-X/sref30
http://refhub.elsevier.com/S0959-6526(16)30498-X/sref30
http://refhub.elsevier.com/S0959-6526(16)30498-X/sref31
http://refhub.elsevier.com/S0959-6526(16)30498-X/sref31
http://refhub.elsevier.com/S0959-6526(16)30498-X/sref31
http://refhub.elsevier.com/S0959-6526(16)30498-X/sref31
http://refhub.elsevier.com/S0959-6526(16)30498-X/sref31
http://refhub.elsevier.com/S0959-6526(16)30498-X/sref31
http://refhub.elsevier.com/S0959-6526(16)30498-X/sref31
http://refhub.elsevier.com/S0959-6526(16)30498-X/sref32
http://refhub.elsevier.com/S0959-6526(16)30498-X/sref32
http://refhub.elsevier.com/S0959-6526(16)30498-X/sref32
http://refhub.elsevier.com/S0959-6526(16)30498-X/sref32
http://refhub.elsevier.com/S0959-6526(16)30498-X/sref32
http://www.miga.org/documents/ESRS_AS_Samra_Wastewater_Treatment_Expansion_Project_Jordan.pdf
http://www.miga.org/documents/ESRS_AS_Samra_Wastewater_Treatment_Expansion_Project_Jordan.pdf
http://www.miga.org/documents/ESRS_AS_Samra_Wastewater_Treatment_Expansion_Project_Jordan.pdf
http://www.emwis.net/thematicdirs/news/2009/05/jordan-jd586b-water-strategy-finalized
http://www.emwis.net/thematicdirs/news/2009/05/jordan-jd586b-water-strategy-finalized
http://refhub.elsevier.com/S0959-6526(16)30498-X/sref28
http://refhub.elsevier.com/S0959-6526(16)30498-X/sref28
http://www.mwi.gov.jo/sites/en-us/Documents/W.%20in%20Fig.E%20FINAL%20E.pdf
http://www.mwi.gov.jo/sites/en-us/Documents/W.%20in%20Fig.E%20FINAL%20E.pdf
http://www.nap.edu/catalog/5498/valuing-ground-water-economic-concepts-and-approaches
http://www.nap.edu/catalog/5498/valuing-ground-water-economic-concepts-and-approaches
http://refhub.elsevier.com/S0959-6526(16)30498-X/sref37
http://refhub.elsevier.com/S0959-6526(16)30498-X/sref37
http://refhub.elsevier.com/S0959-6526(16)30498-X/sref37
http://refhub.elsevier.com/S0959-6526(16)30498-X/sref37
http://refhub.elsevier.com/S0959-6526(16)30498-X/sref38
http://refhub.elsevier.com/S0959-6526(16)30498-X/sref38
http://refhub.elsevier.com/S0959-6526(16)30498-X/sref38
http://refhub.elsevier.com/S0959-6526(16)30498-X/sref38
http://www.ais.unwater.org/ais/pluginfile.php/356/mod_page/content/118/Jordan_-_Case_Study(new).pdf
http://www.ais.unwater.org/ais/pluginfile.php/356/mod_page/content/118/Jordan_-_Case_Study(new).pdf
http://www.sita.co.uk/downloads/DrivingGreenGrowth-SITAUK-120423.pdf
http://www.sita.co.uk/downloads/DrivingGreenGrowth-SITAUK-120423.pdf
http://refhub.elsevier.com/S0959-6526(16)30498-X/sref41
http://refhub.elsevier.com/S0959-6526(16)30498-X/sref41
http://refhub.elsevier.com/S0959-6526(16)30498-X/sref41
http://refhub.elsevier.com/S0959-6526(16)30498-X/sref41
https://www.uschamberfoundation.org/sites/default/files/Circular%20Economy%20Best%20Practices.pdf
https://www.uschamberfoundation.org/sites/default/files/Circular%20Economy%20Best%20Practices.pdf
https://www.uschamberfoundation.org/sites/default/files/Circular%20Economy%20Best%20Practices.pdf
http://refhub.elsevier.com/S0959-6526(16)30498-X/sref43
http://refhub.elsevier.com/S0959-6526(16)30498-X/sref43
http://refhub.elsevier.com/S0959-6526(16)30498-X/sref43
http://refhub.elsevier.com/S0959-6526(16)30498-X/sref43
http://www.gao.gov/assets/310/306947.pdf
http://www.gao.gov/assets/310/306947.pdf
http://energy.gov/sites/prod/files/2015/12/f27/Energy%20Investment%20Partnerships.pdf
http://energy.gov/sites/prod/files/2015/12/f27/Energy%20Investment%20Partnerships.pdf
http://www.veolia.com/gulfcountries/sites/g/files/dvc171/f/assets/documents/2014/10/Veolia_brochure_WWW_STOCKHOLM_2014.pdf
http://www.veolia.com/gulfcountries/sites/g/files/dvc171/f/assets/documents/2014/10/Veolia_brochure_WWW_STOCKHOLM_2014.pdf
http://www.veolia.com/gulfcountries/sites/g/files/dvc171/f/assets/documents/2014/10/Veolia_brochure_WWW_STOCKHOLM_2014.pdf


D. Abu-Ghunmi et al. / Journal of Cleaner Production 131 (2016) 228e236236
Werner, C., Fall, P.A., Schlick, J., Mang, H., 2003. Reasons for principles of ecological
sanitation. Inecosan e closing the loop. In: Proceedings of 2nd International
Symposium, Lubeck, Germany, 7e11 April 2003. Deutsche Gesellschaft für
Technische Zusammenarbeit (GTZ) GmbH, Eschborn, Germany, pp. 23e30.

World Economic Forum (WEF), 2014. Towards the Circular Economy: Accelerating the
Scale-up across Global Supply Chains. Available at: http://www3.weforum.org/
docs/WEF_ENV_TowardsCircularEconomy_Report_2014.pdf (accessed 17.12.14.).
Yuan, Z., Jiang, W., Bi, J., 2010. Cost-effectiveness of two operational models at in-
dustrial wastewater treatment plants in china: a case study in Shengze town,
Suzhou city. J. Environ. Manag. 91, 2038e2044.

Zeeman, G., Lettinga, G., 1999. The role of anaerobic digestion of domestic sewage
closing the water and nutrients cycle at community level. Water Sci. Technol. 39
(5), 187e194.

http://refhub.elsevier.com/S0959-6526(16)30498-X/sref47
http://refhub.elsevier.com/S0959-6526(16)30498-X/sref47
http://refhub.elsevier.com/S0959-6526(16)30498-X/sref47
http://refhub.elsevier.com/S0959-6526(16)30498-X/sref47
http://refhub.elsevier.com/S0959-6526(16)30498-X/sref47
http://refhub.elsevier.com/S0959-6526(16)30498-X/sref47
http://refhub.elsevier.com/S0959-6526(16)30498-X/sref47
http://refhub.elsevier.com/S0959-6526(16)30498-X/sref47
http://www3.weforum.org/docs/WEF_ENV_TowardsCircularEconomy_Report_2014.pdf
http://www3.weforum.org/docs/WEF_ENV_TowardsCircularEconomy_Report_2014.pdf
http://refhub.elsevier.com/S0959-6526(16)30498-X/sref49
http://refhub.elsevier.com/S0959-6526(16)30498-X/sref49
http://refhub.elsevier.com/S0959-6526(16)30498-X/sref49
http://refhub.elsevier.com/S0959-6526(16)30498-X/sref49
http://refhub.elsevier.com/S0959-6526(16)30498-X/sref50
http://refhub.elsevier.com/S0959-6526(16)30498-X/sref50
http://refhub.elsevier.com/S0959-6526(16)30498-X/sref50
http://refhub.elsevier.com/S0959-6526(16)30498-X/sref50

	Circular economy and the opportunity cost of not ‘closing the loop’ of water industry: the case of Jordan
	1. Introduction
	2. Circular economy and the water industry
	3. Data and methodology
	3.1. Data collection
	3.2. Methodology
	3.2.1. Removal of phosphorus, nitrogen, chemical oxygen demand, and total suspended solid
	3.2.2. Shadow price approach
	3.2.3. Opportunity cost calculations


	4. Discussion of results
	5. ‘Closing the loop’ in the water industry
	6. Conclusion
	Acknowledgement
	References


